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The experiments which form the basis this paper were undertaken 
with the object discovering the relation which compressive strength 
steel bears tensile strength. The results appeared warrant ex- 
tending the investigation include wrought-iron, and sufficient tests 
were made exhibit the analogy between the two kinds material. 

attempt has been made test full sized members structures, nor 
any shapes but solid rolled bars they came from the rolls, except 
few cases where the bars were turned. These were chosen because they 
are the simplest possible shapes, and was thought that eliminating 
complexity form and all treatment the specimens, the properties 
the material would less liable obscured. They also possess the 
advantage cheapness; are easily obtainable; and permit number 
tests being made from the same rolled piece, which not practicable 
with larger shapes. Notwithstanding the limitation shape, the re- 
sults are believed value, because they clearly show the relation 
sought and indicate what appears general law, which least 
clearly demonstrated the tests far solid bars are concerned, 
namely, that the elastic limit the material the chief factor deter- 
mining the ultimate resistance struts ordinary length made out 


*This paper was presented the Annual Convention the Society, July, 1886, and 
afterwards withdrawn and rewritten the author for the Convention July, 1887. 
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wrought-iron steel, excepting the very hardest kinds; and that the 
two quantities, elastic limit compression and ultimate compressive 
strength, are identical within considerable range length-ratio 
columns. 

The writer wishes state that was first directed this law Mr. 
James Howard, well known the engineer charge the testing 
machine Watertown Arsenal. reply tothe query, What, from his 
experience, would say the compressive strength wrought-iron?” 
that gentleman replied that thought was about equal the elastic 
limit the material. This view was kept mind and special attention 
paid elastic limit these tests, and compression test included 
without corresponding tension test. 

The following enumeration Tables and Diagrams giving results 
the tests will afford idea the ground covered and facilitate refer- 
ence 


No. 1.—Seventy-four flat-ended compression tests differ- 
ent sizes bars, .44 6.0 square inches section, all from same blow 
Bessemer steel. Lengths principally 12, 18, and times shortest 
diameter. 

No. 2.—Average results full size tensile tests the dif- 
ferent bars used tests Table No. 

No. 3.—Twenty-one compression tests wrought- 
iron bars, different sizes, made from scrap. Length 12, 18, 24, 
and times shortest diameter. 

No. 4.—Fourteen tensile tests the bars Table No. 
made full size pieces cut from each bar. 

No. 5.—Thirty-seven flat-ended compression tests small 
steel bars from diiferent casts steel, ranging from the softest open- 
hearth steel 000 pounds tensile strength* high carbon steel 
144 000 pounds tensile strength, also seven tests two different qualities 
ofiron. Lengths principally times and times the diameter. 

No. tests each bar set bars used tests 
Table No. Those bars bearing laboratory numbers from 329 559 
were rolled sets four from each heat and cut into test pieces, 
which were afterwards numbered indiscriminately. Several each set 
had been broken, showing very uniform results. 

No. 7.—Compression tests bars inches long inch 
square, cut from each one rods rolled from the same blow Cam- 
bria 000-pounds Bessemer steel; also similar tests from each 
bars from uniform lot iron purchased from Union Iron Mills 
Pittsburg. 

No. 8.—Hinge-ended compression tests specimens 1-inch 
square from rolls, lengths varying from inches, cut from the 
same steel rods described under Table No. These will referred 

No. Series K,” all respects similar Series speci- 
mens being cut from the iron rods described under Table No. 


— 


* All statements of stresses and strengths in this paper are in pounds per square inch, 
the actual loads being omitted for the sake of brevity. 
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No. 10.—Detail tensile test square steel from bar 
Series 

No. compression test 1-inch square steel 4.02 
inches long from bar Series 

No. 12.—Detail tensile test 1-inch square iron from bar 
11, and summary tensile test Series 

No. 13.—Detail compression test square iron, 
3.984 inches long, from bar 11, Series 

No. 14.—Detail compression test laboratory No. 336a, 
round steel inches long. (Compare Table No. 5.) 

The foregoing will found end the paper. 

Nos. 15, steel and iron bars tension 
and compression, described where introduced. 

Plates VI, VII, VIII and give test diagrams for several 
the different classes material experimented with, the principal re- 
the tests being also recorded Tables Nos. and 
each case the tensile test plotted ordinarily, and also plotted 
show stress per square inch upon the reduced diameter, abscis- 
sas representing percentage stretch and ordinates the stresses. The 
compression test round specimen diameters long similarly plot- 
ted exhibit stress upon enlarged diameters, well referred 
original diameter. The early part the tensile test, including passage 
the elastic limit, shown also with the horizontal scale magnified 
times, and with given the compression test specimen usually 

diameters long. 

Plate isa exhibit the maximum resistances bars 
covered Table No. Series 

Plate graphical exhibit the maximum resistances bars 
covered Table No. Series also graphical exhibit series 
tests 3-inch square iron bars made Watertown Arsenal, summary 
which can found page 118 the Report Tests Watertown 
Arsenal for 1883. 

Plate shows the form rocker-bearing-used the hinge- 
end tests. Its peculiarity that the axis the pin the plane 
square ended-specimens being used. Thus, while saving 
the expense boring the specimens, all doubt effective length 
specimen eliminated, and the pin friction has its proper effect the 
same specimens were bored. 

The pins are hard steel, well fitted and lubricated with mixture 
plumbago, tallow and oil; hence, although their diameter large 
compared with the specimens used, pin friction very small. 


All the tests, except those from the Watertown Report referred 
made the testing laboratory the Cambria Iron Com- 
pany, Johnstown, Pa., whose kind permission enabled lay the 
results before this Society. 

vertical Emery Testing Machine 300 000 pounds capacity was 
used for all except very few the smaller tensile specimens, which 
were tested Gill machine 100 000 pounds capacity. 

All specimens whose modulus elasticity recorded the tables had 
their change length and for short distance beyond the elastic 
limit, measured with electric double micrometer designed the 
writer, which reads the inch, though not claimed 


the 
ive 
Mr. 
ing 
his 
stic 
ded 
fer- 
test 
dif- 
30 | 
nall 
ests 
559 
ces, 
set 
am- 
the 
eCl- 
‘ 
inch, 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


thoroughly reliable closer than .0001 inch. The mode testing 
fairly exhibited Tables Nos. 14. 

The diagrams were plotted accurately engraved cross-section 
paper. They were traced and the plates are photo-lithographs the 
tracings. 

The short compression specimens were removed and measured with 
measuring machine for shortening after each load had been applied 
one minute longer, usually minute, and were measured number 
times during later part test determine enlarged area. The 
diagrams square inch actual” were thus not completely deter- 
mined the others, but are however accurate enough exhibit fairly 
the comparative behavior under tension and compression. After 
passing the elastic limit the molecular stress seen 
given change length under compression than under tension, until 
near the end tensile test the ultimate tensile molecular stress 
seen greater than could obtained with specimens diameters 
long, except case the spring steel, where the two are nearly equal. 
The closest agreement the case the ductile stay-bolt iron, and the 
widest divergence case the hard iron made from scrap. 

Before referring more detail the tests, will well define 
elastic limit noted the tables and used this paper. Wherever 
there are qualifying terms, the limit referred what sometimes 
called principal elastic limit, sometimes primitive elastic limit. 

limit beam” the same thing when properly taken 
soft material. 

Elastic limit micrometer,” the few cases hard steel where 
noted, that point where the change increment length due 
certain increment load most marked, that being the phenomenon 
which bears closest resemblance the principal elastic limit softer 
material, the difference being difference degree. 

connection with this part the subject, attention directed two 
phenomena exhibited clearly all the diagrams Plates 
excepting that the spring steel. equal the 
elastic limit any these materials imposed and allowed remain 
for some time, causes permanent change length, amounting, be- 
lieved, much more than has been generally understood, and which 
apparently very definite quantity for each case. Second.—This change 
length having begun under load equal elastic limit, will continue 
under less load. 

The plotted tests tension were all made develop the 
amount this stretch; and demonstrated the cases the 
100 000-pound steel, the 000-pound steel, and the hard iron made 
from scrap, that the total obtained equally well, though requiring 
greater length time, with load 000 500 pounds less than prim- 
itive elastic limit with load equal that limit. This becomes 
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clear from the diagrams, when that the loads just 
above the limit were each allowed minute more which develop 
stretch. 

Time noted some the diagrams sufficiently give 
general idea the variations speed stretching under different 
loads and different periods. seen that for the same duration 
application the less loads cause less change length. all the ten- 
sion and some the compression diagrams will seen points where 
the load was partly taken off and then raised increments order 
exhibit the second the phenomena referred to. 

The amount stretch elastic limit taken from the tension 
diagrams: 


For the 100 000-pound steel........... cent. 


regretted that the same mode testing was not followed 
with the shortest compression specimens, but those which are plotted 
each load was allowed act for only about one minute, hence the exact 
amount change length limit not clearlyshown. apparently 
varies from near equality with that under tension about half much. 
The soft iron shows near equality, the hard iron considerably less; the 
steels near equality, excepting, perhaps, the steel. The 
detail test reports, Tables Nos. 13, furnish the following accurate 
comparison: 


tension, 2.11 per cent. 


noticeable that the specimens under compression reach their 
maximum change length under constant load less time than those 
under tension. This appears due partially more rapid action, 
but more attributable difference length specimen. 

These phenomena may appear trivial some, but the writer con- 
siders that they furnish the key his subject, and hence attention 
further directed the behavior the specimen elastic limit. 

Let follow the course experiment for determining elastic 
limit without the use instruments. With steel bars hav- 
ing roll scale on, this can usually done with certainty and dispatch, 
setting the speed straining very small and watching the gradual and 
continual rise load till suddenly the load either ceases rise else 
drops materially. Either the first phenomenon the second taking 
place and, all familiar with testing would recognize, the elastic limit 
reached. limit beam,” and this mode test prob- 
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ably more used than any other. Watch should always kept for the 
appearance that the breaks continuity the roll 
scale, which appears able stretch without breaking (in case 
steel) elastic limit the steel, but far too brittle maintain its 
integrity under anything like one-half per cent. stretch. The roll 
scale iron seems more brittle than usual steel, and some- 
times begins drop off before elastic limit reached. When consider- 
able scaling near ends specimen and drop beam first occur simul- 
taneously, the indication elastic limit absolute. Certain important 
conditions, however, are necessary using this mode determination.* 

For example how minute permanent set sufficient with the 
apparatus used indicate elastic limit this method see Table No. 
11, where correct indication was had, and the specimen being re- 
moved immediately, showed .0035 inch total shortening. 

importance note that this change length which 
have been speaking, invariably local and progessive its action. 
Thus the scaling can watched proceeds from the ends ten- 
sion compression specimen towards the center, and the writer has 
often demonstrated, means micrometer measurements, that the 
central portion the piece undergoing permanent change 
length long the roll scale remains unbroken between measuring 
points, and also that soon the progressive action has proceeded till 
the lines rupture scale meet the middle length, the whole at- 
tainable stretch has been had, except inappreciable The 
load usually fluctuates while this going on. 

now one tries imagine free strut of, say, diameters long, 
whatever shape undergoing this change length, bearing mind its 
local progressive character, requires great effort reason con- 
clude that the strut end the shortening (when ready show 
increased resistance) straight, such would purely accidental result. 


* Thus if the roll scale is red in color from whatever cause, it will afford a poor indica- 
tion of elastic limit; such scale or rust possesses very little coherency in itself, and is more 
strongly attached to the metal. Also a loose rising scale is not permissible. Reheating or 
tempering spoils the scale for this purpose. 

The indication is not accurate with very hard materials; it may be used as a guide and 
comparative test of steels, but does not furnish a proper quantity to base deductions or cal- 
culations upon regards the value the material. (See Tables for 
examples of spring stecl.) Some irons, such as are granular or brittle, may easily cause 
erroneous tests by this method. 

The specimen must not be crooked, and the grips must be in good condition. This, 
however, is of less importance when the roll scale is of the best character, since by waiting 
for appearance of the scaling on body of specimen, and noting the load at that time, the 
proper determination can be nade. 

The speed of straining must be well known by experience, and must never be too great. 

The writer uses instrument show change length whenever there danger that 
any of the conditions are unsuitable. . 

tAcurious fact is that these lines develop themselves at an angle of 45 degrees in ten- 
sion and 90 degrees to axis in compression usually. 


| 
{ 
nf 
} 
4 
a 
a 
q 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


very few the steel flat-ended tests recorded the tables, where 
the length did not exceed diameters, such condition existed; these 
specimens usually assumed later S-curve and gave little higher 
maximum load than those which behaved the usual way, which 
bent some point soon after scaling commenced the ends, and pro- 
ceeded scale the interior curve each way toward ends well 
from the ends the opposite side, producing the well known reversed 
curve tangent axis the ends common flat and fixed-ended struts, 
and which called the tables The iron specimens 
Table No. Series afford several instances fair degree 
straightness being maintained. The other irons tested afford compara- 
tively few, but the whole iron bars seem likely behave 
that manner than steel.* 

Tables Nos. 3,5 and are columns whose heading requires 
some explanation. That called Load per square inch failure,” 
neither more nor less than elastic limit beam,” above described. 
But view the subsequent falling the load and considerable 
bending that usually takes place, and the fact that the same load 
the maximum every case those tables bar longer than 
diameters, described failure.” The phenomenon certainly im- 
presses one failure when seen. not total failure, nor all 
cases final failure, but failure for the time being sustain the 
maximum hitherto imposed load: continuing the test those cases 
where the bar receives accession caused the most 
highly distorted portions having completed the change state primi- 
tive elastic limit, and taken new higher limit, sometimes, and more 
often case iron than steel, another maximum load obtained, 
sometimes, though not always, exceeding the load first failure. This 
noted ‘‘second some cases perhaps mere fluctua- 
tion elastic limit was mistaken for true second maximum. The 
second maximum likely higher bars which remain straight 
take S-curve during passage elastic described the 
preceding paragraph. 

Turn now Tables and These are held furnish clear and 
positive proof that crippling strength does not depend upon nor bear any 
definite ratio ultimate tensile strength, while the close agreement 
the quantities columns and establish the first part the gen- 
eral law stated the second paragraph, state again slightly 


*It sounds paradoxical, but the explanation probably is because of the greater homo- 
geneity of the steel. Thus the boundary surface between the crippled and uncrippled por- 
tions of metal in case of steel will be regular and comparatively smooth, and in case of the 
fibrous and less homogeneous iron may irregular and covered with indentations, 
points of uncrippled metal projecting into the crippled or flowed metal. Itis not difficult 
to see how this may cause the iron to keep in line better. The layer or extremely short 


prism iron steel undergoing change state any instant may regarded un- 
stable equilibrium. 
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different language, the crippling strength steel the form mod- 
erately long struts approximately equal the elastic limit the 
material. Column was derived from specimens only two diameters 
long. The tendency with very short specimens, either tension 
compression, get too high values for elastic limit. Nevertheless the 
greatest excess any qauntity that column over the corresponding 
tensile elastic limit 3423 pounds and the average excess 1370 
pounds. The quantities column for specimens diameters long are 
believed more closely the true compressive elastic limit. The 
greatest differences between any corresponding quantities, column 
minus column are and 632, with average difference 
about 480. 

Inspection column comparison with column discloses 
that rarely does the bar exhibit any higher resistance than the elastic 
limit when diameters long over. referring Column will 
seen that such bars failed show crippling strength great 
elastic limit tension, generally had some defect; or, noted one 
instance, there was failure stress squarely. 

The material for these tests all possessed the same constitution, 
being from one blow steel, and very uniform, shown the 
small variation ultimate strength, less than 6000 pounds, notwith- 
standing the wide range thickness and sectional area. The tables 
bring out the fact that elastic limit varies more with size bar than 
does any other property the metal, and there are but two exceptions 
the rule that the thicker the bar the lower the elastic limit and 
ultimate strength. 

Table No. shows that the same law applies iron, though the excep- 
tions are more numerous and the material evidently much less uniform 
than the steel. Elastic limit varies 260 pounds and ultimate strength 
280 pounds (excluding specimen 193, whose low strength evidently 
caused sliver the corner bar). There are some irregularities 
each series accounted for irregularities the heating and 
rolling. Neither offered exhibiting the proper numerical relations 
strength, etc., bars the same material differing size. 

Table No. each compression test column piece diam- 
eters long excess the corresponding tensile elastic limit, the max- 
imum excess being 1905 and the average 880 pounds. Out cases 
diameters long all but two have second maximum higher than 
elastic limit compression. 

Tables Nos. and need little explanation. They serve extend 
the application our law from the softest material called steel 
steel 100000 pounds strength, thus covering the whole range 
structural steels. Spring steel 144000 pounds strength excep- 
tion the law. The consideration that change state takes place 
very gradually and one definite load, causing gradual rounding 
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the diagram without any such horizontal portion shown the 
other materials (notwithstanding efforts were made develop it) shows 
this the exception that proves the rule. 

Table No. calls for further explanation, save that one case 
hinge-ended bar, which bent along axis, included The 
average excess maximum resistance over compressive elastic limit for 
flat-ended steel bars 757 pounds; hinge-ended steel bars, 395 pounds; 
flat-ended iron bars, 3171 pounds; and hinge-ended iron bars, 807 
pounds. 

Before discussing the series bars varying length whose results 
are plotted, the modulus elasticity claims attention, This property 
material has been the subject much loose thought, and widely dis- 
cordant data have been made pubiic. Many the widely varying fig- 
ures, quoted modulus elasticity, have been deduced from experi- 
ments bending stress the common theory beams, and consider- 
ing that this theory yields values for ultimate tensile compressive 
stress which are error sometimes the extent per cent. 
more, are justified throwing aside this method determining 
Young’s modulus. 

Engineers are to-day, however, possession enough data derived 
from direct tensile experiments give fairly correct averages for iron 
and steel. Still one point many deductions are incorrect, because the 
total change length upon first application loads has been used 
the calculations, instead the change length recovered upon release 
load. The quantity determined the first these two modes 
calculation will called modulus extension compression, the 
case may be. That the second mode the modulus elasticity 
tension compression. The two differ more widely long and 
large pieces than light sections, and more iron than steel, far 
the writer’s observations have extended. The cause the difference 
doubtless the presence internal strains, which are more less re- 
lieved introduction permanent sets upon even single application 
stress, and which are greater large and complicated sections than 
light ones, and all appearances greater iron than steel, comparing 
the same size pieces. The difference under tension small bars 
the average very small. 

Tables Nos. and following, have been collated for compari- 
son all the determinations elsewhere appearing this paper. 
The averages tension bear out the last statement. The range load 
upon which calculations were based varied somewhat, but may 
roughly stated from 000 pounds per square inch three-fourths 
the elastic limit. Above that load the modulus extension will often 
decrease value, though many specimens hold one modulus, very 
close elastic limit. regards the true modulus sensibly 
constant the elastic limit, and its variations for different kinds 
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TABLE No. 15. 


Comparison Moduli for Tension and Compression Steel Bars. 


First: Ultimate strength 100 000 under. 


Remarks. 


Modulus of 
Compression in 
000 


Strip from bar. 


28.678 |Average. 


Second: High Carbon 


484 rd. 29.500 29.280 476 
1 rd. | ...... | 479 29.200 


Spring Steel. Ultimate strength 144 000. 


| 


29.960 
29.760 
29.580 
29.850 
29.420 
29.200 


29.850 
29.480 
29.390 
30.530 
28.880 
29.200 


29 555 


28.985 Average. 


| | | | | a | | 
| 
| 
| 
99.450 
28.780 
28.950 
28.680 
30.070 
28.980 
29.260 
| 28.780 
27.740 
28.780 
rd. 547 29.200 28.880 
584 
576 573 29.220 29.090 
574 84. 29.350 29.090 
| ! 
| | | 
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TABLE No. 16. 


Comparison Moduli for Tension and Compression—Iron Bars. 


| | a = 
| a = 
= Sa | 
| | 
2157 27.500 26.800 2158 26.160 
2160 27.410 26.980 2159 26.240 
2310 | 1 rd. 28.480 | 26.580 | 2311 | 28.180 26.500 
2390 zrd. 30.190 30.190 29.910 29.520 
| | 
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The following data from large number consecutive determina- 
tions modulus standard round test bars, one 
from each heat steel, made 1885, show the narrow range aver- 
ages for the different kinds steel. 


TABLE No. 17. 


JOHNSTOWN, Pa., 1885. 


| 
| 
| 


Modulus of extension.—Pounds per square inch. 


Number | Average | oa 
heats. carbon. Kind steel. 
Lowest value. Highest value. | Average value. 
107 27 28 310 000 | 31 180 000 29 996 000 | es 
25 -72 28 680 000 30 860 000 | 29 919 000 | - 


Table No. 17, besides furnishing numerical values very close the 
real modulus shows that Bessemer steel has lower average modulus 
elasticity than good open-hearth steel. shows also the general 
law that, other things being equal, the greater the content carbon 
the steel the lower the modulus elasticity. 
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Some further data extracted from the laboratory records, and re- 
lating iron, may also quoted: 


Thirty tests specimens cut from iron angles and channels good 
quality ranged modulus extension from 740 000 510 000, 
with average 753 000. 

Eleven tests eye-bar iron good quality ranged modulus ex- 
tension from 510 000 370 000, with average 797 000. 

Six tests plate-iron not very good quality, ranged 
modulus extension from 880 000 000 000, with average 
573 000. 


The above determinations, including Table No. 17, were all made 
Gill knife-edge testing machine with the same micrometer used the. 
tests specially made for this investigation. 

come now Tables Nos. and and Plates Nos. and 
Series and series are accurately comparable; size and condition 
specimens, apparatus and mode testing being the both. They 
differ from each other only one being made 000-pound steel and 
the other bridge iron, and the accidental crooks and bends inci- 
dental the bars not having been cold straightened, the deviations due 
which the middle length are recorded the column Condition 
specimen.” The initial deviation direction degrees from axis 
pins also written the side the plotted test result the dia- 
grams. the diagrams are shown the range elastic limit com- 
pression, and the curve resistances according Euler’s formula, 
modulus compression being adopted from Tables Nos. and 16, 
round numbers for steel and 000 000 for the iron bars. 
hoped that the tables furnish tolerably clear condensed history each 
test, enabling one form idea the influence pin friction and 
showing how various was the behavior, especially the longer bars.* 

These series, connection with what has gone before, establish the 
second part the law stated our second paragraph, namely, 
elastic limit compression and ultimate compressive strength are 
identical within considerable range length-ratio columns. Note 
that there but one test each series which falls below the horizontal 
belt range elastic limit, and that one the crookedest, and lies 
close Euler’s curve each case. 

regards those results which fall the right Euler’s curve, they 
are seen scatter widely that, their number being small, they cannot 
considered yielding much more than suggestion how the 
subject should studied. The horizontal belt above alluded 
marked cross-lining, and the belt extended the right the 
curve making include all specimens whose initial deviation was 


*A complete copy of the test records of those bars whose deflections were observed 
throughout presented herewith. (See appendix this paper.) measurements 
shortening were made except end test. 
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inch under, because bars with much deviation very generally 
did well straight ones; bars with greater deviation some- 
times well, but many drop almost Euler’scurve. The case looks 
hopeful that with somewhat extended series tests varied with refer- 
ence crookedness and other purposely introduced defects, such 
lack squareness end-bearings, eccentricity end-pressures, 
quite definite results could established. 

From the closeness and approximate parallelism lower 


the shaded belt curve above! 165 for the steel and 


140 for the iron, looks are the limits above 
Euler’s formula should used pure and simple for hinged ends. 

The pins used these experiments (see Plate XII and description 
page 55) clear exerted very small end-fixing moment upon the 
reverse curvature was noticeable upon any above twelve 


diameters length the results probably are the safe 


side, supposing the results applied pin-ended columns. 

Plate are plotted also the Watertown tests 3-inch 
square bars. The range elastic limit obtained (probably imper- 
fectly) from set three tests recorded Report Tests,” Water- 
town Arsenal, 1882, pages 206-208, stated page 1883 Report 


the same iron. The range compressive elastic limits inferred 


from the tests the principles set forth this paper. The main 
series had pins fitting half holes ends bars. Four tests 
flat-ended, and eight tests with other sizes pins are also plotted. The 
enviable agreement the pairs tests attributable part the 
bars having been straightened screw press stated the Report 
(see above), being the same time evidence the extreme accuracy 
the testing work, while the maintenance high strength with long 
specimens was doubtless aided the comparatively great pin friction. 

Probably the most important fact shown these three sets ex- 
periments that the strength the columns while equal the elastic 
limit for considerable range length-ratio under that which 
Euler’s curve crosses the line elastic limit falls off immediately 
erossing the curve. Therefore, for pin-ended columns the length-ratio 
which elastic limit ceases the measure the column strength 
varies with the elastic limit, and readily determined plotting the 
intersection Euler’s curve and horizontal line representing the 
elastic limit. 


The following theoretical view the failure long and moder- 
ately long columns structural steel iron, accords with the experi- 
ments. 

All columns being assumed possess initial eccentricity, small 
finite quantity, then: 
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For frictionless pin-ended, round-ended, knife-edge-ended col- 


umns the formula correct, but only applicable long 


remains constant. now the modulus compression changed 
slowly and above elastic limit, might introduce variable 
into Euler’s equation and obtain curve tangenting the primary curve 
the elastic limit, and lying entirely the left it. But this pa- 
per has been shown that this point becomes zero, and remains 
zero during change state the whole, that portion the 
column whose shortening causes failure. long columns there but 
small part the metal ever passes elastic limit. Making 
the formula gives absurd result. The formula therefore fails 
entirely. long remains resistance cannot increase. When 
the column happens retain its straightness until there again 
modulus compression, would permissible reintroduce and 
obtain new formula for specimens which behave that way. But the 
experiments show that this does not occur with any certainty; very sel- 


dom will occur when above 42. Below that length-ratio 


are not discussing; entirely different conditions the metal prevail, 
and the strength such short pillars has plainly relation that 
longer ones. 

When the column has any degree fixity ends (including ordi- 
nary pin well flat and fixed-ended columns) the effect such fixity 
may treated diminishing its effective length considered fric- 
hinge-ended column, according the usual reasoning, and 
because elastic reactions metal are frictionless, therefore the resist- 


But reason the statical moment exerted the ends upon the 
bearings, and perhaps even greater degree depending upon the 
size and character those bearings, some load lower than the product 
elastic limit cross-section causes part the whole the cross- 
section the ends reach elastic limit and suffer change state. This 
accompanied unstable equilibrium (see foot-note, page 59), and the 
column once the condition either frictionless hinge-ended 
one length equal its whole length, intermediate between its 
former virtual length and its whole length, according the fixing 
moment disappears more less completely. This new longer length 
may such that the load already excess its appropriate 
strength and sudden failure ensues. 
This explanation seems fit the series 3-inch square bars. The 
Watertown detailed reports show that from 150 000 180 000 pounds 
load the started front pins, which means course that the 


ances should represented being greater than unity. 


elastic limit that portion metal was passed. 138, the belt 


results reverses its curvature, and the total loads the two closely 
agreeing specimens that length are 183500 pounds and 


159, the total loads specimens that length are 


Q- 
cS 
r- 
n 
e 
e 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


154 150 and 160 500, and from thence 194, the total loads 


specimens out 12, range but from 147 180 160 500, but 000 
pounds per square inch projected intrados pin-bearings. seems 
the adjustments these bars were perfect that some part the 
metal had pass elastic limit order allow the bar fail all, and 
that they otherwise unanimously refused obey Euler’s law 


Sudden failure may also caused when the end-fixing moment de- 
pends for existence solely upon pin-friction, the friction quiescence 
becoming overmatched the end-moment. This believed have 
been the case the experiments with squares where the 
pins were lubricated. The end-bearings these bars were the full sec- 
tion the bar, therefore cases absolutely perfect adjustment 
greater percentage the full elastic limit obtainable than the bear- 
ings had been smaller, because the ends will not pass elastic limit with 


Compare two tests with deviation .00 132 and 


138, diagram for square iron with upper limit belt 3-inch 
square tests. 


q 
q 
J 
res 
q 
| 
| 
Be 
q 
| 
a 
q 
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Compression Tests Steel Bars. All from same Blow Bessemer Steel, ‘‘as from Laboratory Cambria Iron Company, May, 1886. Marshall, Engineer Tests. 
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Inches, 
100 000 


Pounds 


Condition of piece before test (all being full size as 


REMARKS. 
from rolls). 


Per cent. 


inch. 


Dimensions 
Permanent 


Modulus of 
‘deflection. 


Elastic limit. 
Tension. 
See Table No. 2. 
inch at failure. 
elasticity. 


pression. Pounds 


per square inch. 


Laboratory number. 
Load per square 

Second maximum. 

Pounds per square 
Load per square 
inch at removal. 
per square inch. 
pounds per square 
inch, 


ing with 


of cross-section 
|Length. Diameters. 
Elastic limit com- 
Permanent shorten- 
Permanent shorten- 


lGave way 3 inches from end. 

|Under 200 000 Ibs, per sq. in. original, short- 
ening = 47.0 per cent. This equals 99 550 
Ibs. per sq. in. actual enlarged area at 
center. 


1669b 

1669 
155la 
1551b 
1551 


bo 


oo 


| 

Flexed orthodox. 
2 970 
43 950 


| |Flexed orthodox, ends scaled first. 


ry Bent, (035 inch ordinate 5 


870 


720 


an 


39 950 39 910 31 690 | 


WWW IW Dw ww wo wor 


40 850 None. 31 99 é a Flexed orthodox. 


to 


ee 


37 950 


36 790 37 130 
36 580 None. 


35 740 
37 940 


35 650 None. 32 65 } 1. 75 |Gave way, ends and middle together. 
None. | 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


43 400 


\Flexed orthodox. 


a 


43 560 | — Pree of Under 200 000 pounds per square inch orig- 
3 56 ina), shortening = 45.3 per cent. 


to 


41 040 


|) 


b 


Flexure started in opposite directions at the 

| two ends, at finish is orthodox. 

| 38 920 | | 2 


~ 


wo 


40 610 
40650 | 33 193 


39450 | None. | Flexed orthodox, very slowly. 
870 


39 750 39 650 38 340 


40 240 

39 640 33 310 | 

39 270 None. 34 620 : 

37 330 28 550 |} 0. 85 ae Resistance diminished very slowly and grad- 
ually. 


47 650 45 090 
47 363 46 420 | p 
46 150 q ....  |Flexed orthodox. 
41 650 P \Not held squarely. At 33 050 pounds per 
| | square inch had perceptibly deflected. 
| Behavior similar to 1583. 
43 490 
42170 Flexed orthodox. Just before failure de- 
flection = .02 inch. 
|\Scaled from top downward. 
|Flexed orthodox. 


“ 


1461 3x 2 | | 43 580 

1465 42 (|Straight...... Cow 39 397 41 200 40 610 40 610 
1465a 83 Crooked. Maximum ‘ordinate .05 inch... 36 920 None. 26600 | 


\Just before failure deflection = .02 inch. 

lvlexea orthodox. Just before failure deflec- 

| tiou = .03 inch. 

|Flexed orthodox. No perceptible deflec- 

| tion before failure. 

|\Just before failure deflection = .005 inch. 

|Flexed orthodox. 

|Flexed orthodox. At load 50970 per square 
inch specimen calipered, and found to 
have recovered leugth perfectly. 


1473 : eee 42 | 37 820 36920 3752 36 790 


nor 


2 Gave way rather suddenly. 


re 
1529b One end shows brnise of shear blade 37 040 38 207 | | 
1531 
“ awe 9.37 5 27 400 97 710 000 | op 
: 1583 1% eae 42 Bent, .05 inch ordinate 6 inches from end.............. 
q 1453 ... 4.5 12 42 Heavy hot stamped figures in 
| | | see 
| | | | 


1667a 
1667 
1669a 


1669b 
1669 
155la 
1551b 
1551 
1544b 
1544 
1543a 


14694 


1473 


1477 
1481 
1488 


1488a 
1488b 
148&c 


1497 
1497a 


1500 
1500a 


1503 
1503a 
1503 


of cross 


_ 


oor 
~ 


a 


OOD 


www ww te 


‘Heavy stamped Agures across bar 2 inches from one end,| 


Show 8 bruise. and bend caused by shear blade at one end 


Crooked. Maximum ordinate .02 inch...... 


Crooked. Maximum ordinate .05 inch... ° 
Geutle curve, .09 inch, ordinate central. ouacccvaseuenese 


“ .03 “ 


causing a sharp bend, .02 inch ordinate.............. ‘| 


Gentle curve, inch 


Straight. 


Slight bend, ordinate .02 inch, at 6 inches from end. .... 
|Slight bend, ordinate .025 inch, at 6 inches from end..... 


950 
720 
860 


38 300 
37 950 


5 740 


400 


930 
610 
650 
870 
240 
640 


= 


40 850 


36 790 
36 580 


35 650 
34 450 


39 450 


39 750 


39 270 
37 330 


47 650 
46 420 
46 150 
41 650 


36 920 
38 350 
35 430 
36 920 
35 760 
37 670 
55 420 


55 110 
55 320 
51 210 


42 630 
39 270 


39 300 
38 200 
39 500 
39 850 
39 100 


None. 
None. 


39 910 


None. 


37 130 
None. 


39 650 


None. 


43 350 
None. 
40 610 
None. 
42 980 
None. 


37 520 
37 580 


42 310 
None. 


38 700 
None. 
40 640. 


None. 
None. 


33 410 


31 690 


31 990 


33 050 
25 500 


33 780 


38 340 


34 620 
28 550 
45 090 
38 020 
34 480 


43 350 
26 970 
40 610 
26 600 


42 6108 


31 300 
36 790 
37 160 


33 740 
52 360 


52 950 
39 520 
13 340 


41 570 
24 890 


38 700 
7 530 


40 640 
32 920 
32 920 


28 950 000 


28 920 000 


rrr 


ing 
poung 


inch.§ 


| 
| 
} 


lGave way 3 inches from end. 

Under 200 000 Ibs. per sq. in. original, short- 

| ening = 47.0 per cent. This equals 99 550 

| Ibs. per sq. in. actual enlarged area at 
center. 


Flexed orthodox. 


orthodox, ends scaled first. 


| 
| 


Flexed orthodox. 


|Gave way, ends and middle together. 


Flexed orthodox. 


Under 200 000 pounds per square inch orig- 
| ina), shortening = 45.3 per cent. 


Flexure started in opposite directions at the 
two ends, at finish is orthodox. 


Flexed orthodox, very slowly. 


| Resistance diminished very slowly and grad- 
ually. 


Flexed orthodox. 

Not held squarely. At 33 050 pounds per 

| square inch had perceptibly deflected. 
Behavior similar to 1583. 


Flexed orthodox. Just before failure de- 
flection = .02 inch. 

Scaled from top downward. 

Flexed orthudox. 


Just before failure deflection = .02 inch. 


|Flexed orthodox. Just before failure deflee- 
| tiou = .03 inch. 

Flexed orthodox. No perceptible deflec- 
tion before failure. 

Just before failure deflection = .005 inch. 
|Flexed orthodox. 

Flexed orthodox. At load 50970 per square 
| inch specimen calipered, and found to 
have recovered length perfectly. 


|Gave way rather suddenly. 


\Gave way very suddenly 5.5 inches from 
end. 


|\Just before failure deflection = .06 inch. 
Failed suddenly orthodox. 

No perceptible deflection before failure. 

|Gave way suddenly, orthodox. Just before 
failure deflection = .01 inch. 

No perceptible deflection before failure. 

\Gave way first at the bend. 

|Just before failure deflection — .03 inch. 


| | | 
202 
| 48 curve, .03 inch ordinate central 44 000 44 000 27 590 000 1.25 .38 
48 Bent, .035 inch ordinate 5 inches from end.............| 40 850 22 060 cesccccees 2.67 1.06 - ee 
1539b .--. One end shows bruise of shear blade...................| 37040 | 38 207 
| | 
| | 30 104 Slight bend, ordinate .02 inch, near ODA. 41 415 { | | } | | | enue | 
‘ | 


Vol. 68. TABLE No. 


Tensile Tests Steel Bars. Pieces Cut from Same Bars used Compression Tests, Table No. 1.—Testing Laboratory Cambria Iron Company May, 1886. 


in. 
is 


Modulus 
Per cent. elasticity. 


Lbs. per | 
sq. in. 


Inches, 


Per cent. 


| be Character of fracture. REMARKS. 
| elongation. 


Elastic limit. 
Lbs. per sq. in. 


No. of tests in 
cross-section. 
Inches 

elongation 


Ultimate strength. | 
given. 


Dimensions of 
Lbs. per sq. 


Length on which 


Silky and dull 
Dull crystalline and dull. 
Dull. 
Dull crystalline and dull. 
Two silky, one dull crystalline and dull. 
One silky, two crystalline. 
Crystalline. e 
MO Not broken with 61 180 pounds per square inch. 
Silky, some dull crystalline. 
Silky and dull. 
Silky and dull crystalline. 
Dull and dull crystalline. 
Silky, sume crystalline. 
Crystalline, dull center. 
| NOt broken with 60 050 pounds per square inch. 


round. | 68 995 
67 970 
67 040 
66 363 
66 335 
65 663 
37 000 65 460 
36 100 | 
44273 | 68427 
390 
43 560 68 510 
41 060 67 973 
39317 | 66 833 
400\ 
38310 | 
47 363 


44417 | 67527 


One test only for modulus. 


OP 


noe 


90 per cent. silky, 10 per cent. faint crystalline. 

41447 66987 75 per cent. silky, 25 per cent faint crystalline. 

39 397 66 700 | veseceesee | 40 percent. silky, 60 per cent. dull crystalline. 

35917 | 65762 Three silky, one part crystalline............... - 

53 800 71 255 


41527 66 917 25 per cent. silky, 75 per cent. crystalline. 
41415 | 66230 25 per cent. silky, 75 per cent. crystalline. 
36 680 


= 


w 


ne 


4 
4 
3 
3 
3 
3 
1 
1 
3 
2 
3 
3 
3 
3 
1 
3 
3 
3 
3 
4 
4 
4 
4 
2 
3 
2 
1 
1 


K KKKX XK 


| 


All tested full size as from rolls except where noted, 


4 
| 1 
} 48.2 | 28980000 | 
41.9 
33.6 
| 27.8 | 
4 | 17.2 | 
42.5 
38.9 
4 2 
72 | 
| | Not broken. Beyond capacity of machine. 
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TABLE No. 


Compression Tests Iron Bars.—Testing Laboratory Cambria Iron Company, June, 1886. Marshall, Engineer Tests. 


Laboratory No. 


2159 
2162 
2163 
2166 


= 

x 


2164 
2196 
2197 
2168 
2169 
2172 
2174 
2175 
2177 
2214 
2215 
2217 
2219 
2191 
2192 
2194 


og 
9.5 
1 12 
1 ” 30 
1 | 2 
} square 9.5 
1 13 
1 gee 30 
1 18 
1 27 
2 ” -| 24 
12 
Sone 15 
18 
| 30 


omer 
bo bo 


Condition of piece before test. 


Lbs. 


per square inch. 


Elastic limit com- 
pression, 


Gentle curve .03 ‘inch, ordinate central. 


Gentle curve, .03 inch, ordinate central. . 

Fairly straight.. 

Ordinate .02 inch, one middle 10 inches. ola 

Gentle curve, .04 inch, ordinate central. 
' 


sion. See Table 4 


Elastic limit ten- 


32 800 


25 560 


26 930 


28.165 


26 470 
27 430 


inch at failure. 


Load per square 


36 750 
36 750 
36 210 
36 580 
31 580 
34 590 
32 790 
33 250 
33 550 
30 680 
27 290 
25 970 
27170 
30 070 
28 360 
27 710 
27 640 
27 570 
26 510 
27 700 


per 


Second maximum. 
Pounds 
square inch. 


35 640 
36 970 
37 270 
37 370 
None. 
34 590 
31 520 
36 500 
34 720 
None, 
30 140 
None. 
31 360 
38 040 
None. 
None. 
None. 
31 940 
None. 
32 570 


| | 
| 


11, 12, 13. 
om 5 | 
| | a 
= =a aa 
= 
32300 26160000 1.3 
30 070 26240000 | 1.5 35 
270 440 000 0.83 
370 350 000 0.75 
30 780 27 790 000 1.7 .30 
36 500 27 300 000 1.4 22 
720 990 000 1.33 
1.3 
31940 
32 570 -43 


Permanent short- 


a 


ening with 100- 
000 lbs per sq. 
in. Per cent 


REMARKS. 


Bent orthodox. 


“ 


Failed at the bend. 
At 100 000 lbs. per sq. in. Specimen skewed. 
Bent orthodox. 


Failed orthodox in direction of initial bend. 


Failed orthudox. 
Bent orthodox. 


| 
| 
| 
| 


ssa 8 


| | | | 
| | | 
j | r | 
| | 8 > | | | 
: : | 30 120 Sharp bend 5 inches from end; ordinate at that point 36 170 | 
12 42 if | 


2 
° 
= 


avou Aunt 
JON» 


‘ue. aed ‘snoiqy poepurg 
” 000 O8T 6% sce | 
| 
” 000 O1F LZ 
| 
JO aad Pes | 
JO sninpow 


sew 


ee 


Jeg 


uo 


8ST 
“WOT? 


OG8 EF 
LE 
ORF HF 
6F 


LF 
LE 
ore 
1¢ 
OLZ 6F 
086 6F 


9S 
OOF 


£ 
029 
090 


“at 


099 
Ogg 
OFE RE 
O19 


OF9 SE 


‘at ‘ba 


NIX & 

” % | 

‘aavnbs % | 

aces 
all 
ca 


| 
| 
} 
i| ° 
| 
| 
| | 
1} 
| | 
} 
| 
: | } 
| | | 
| oon Os | 
| 
| 
| 
{ 
4 
— 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


TABLE No. 


Compression Tests Steel and Iron Bars inch square inches 
long. Bars marked all from same blow 000-pound Cambria 
Bessemer Steel. Bars marked all from same lot Union Iron 
Mills Iron. 


wo | 3 o> 3 
| Inch, | 
Flat | W1 | 49720 | 50220 40 000 2.66 -36 Deflection orthodox. 
| W3 48 400 49200 , 40000 2.83 .39 | as 
- W5 | 472880 47 880 47 280 1.00 .26 Scale disturbed at ends 
scale much disturbed 
|} 49164 | 49921 | ...... lave rage. 
- ws 47 480 48470 | 36000 1.33 | 32 
! 
Flat | Kl 35 100 | $8 220 1.66 21 | 
| K | $8 150 1.50 18 
es K 8 36840 | 36840 | 1.50 | .19 | 
a K 9 39 400 39 400 1.42 -20 
Hinged | Kill | 37650 37 650 1.66 -17 |Bent along 
Kil4 | 37440 | 37440 | 1.42 
= K15 | 36 430 36430 | 1.25 | -22 
| Kig ...... 34 410 0.66 | .04 |When scaled all along. 
“ | eeseee | 34750 | 0.66 | .09 |When scaled all along in 
“ | | $2300 | 0.75 -12 | When sca‘ed all along. 
34 000 34000 | 1.42 
| 
es K 10 34180 | 36000 36 000 1.08 16 
- K12 34 240 37 840 


33 773 35 580 Average. 
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Compression Tests Miscellaneous Bars. 


1 2 3 4 
331 | er | 12 ae 
348 SqQuare....... | 9.62 coos |) 
350 square ......./ 12 coe 
359 .799 r’d turned) | 
from .8 square} | 2.39 | 42000 
457 round........ 9.37 
466 fs square...... 9.62 ae | 
500 1 square....... 12 coos | 
510 94 r’d turned) 
from 1 round.| 2.84 | 50000 | 
573 | 9.62 68000 | | 
9.62 | 69 000 |j 
from lround., 2.83 | 70000 | j 
2336a Llround........| 12 49 500 
2336b r’d turned) 
2348a 12 
2352a 12 coos | 
2353a 
2335a 12 | 
2347a 12 
2346a 12 | 
2345a 
2338a 
2293 
2307 12 
2309 
2311 
2309a 
2391a round....... 9.06. | 
2391b |.80 r’d turned | | 
from 74 round 3.5 | 36000 | 
from 7% round| 2.49 34000 |} 


a 


Elastic limit ten- 
sion. Lbs. per sq. 


41 230 


830 


39 570 


42 830 


54 430 
50 830 
51 810 


49 260 


50 830 
69 000 


67 110 


49 750 


32 670 
44 (90 
43 250 
46 000 
48 160 
50 6¢0 
32 010 
36 920 
39 460 
39 570 
40.000 
47 780 
47 000 
47 600 
39 000 
36 0U0 
42 780 


36 000 


35 500 


Lbs. 


Load per sq. in. at 
failure. 


42 000 
42 480 
43 160 
43 900 
39 990 
4u 390 


53 960 
53 130 
51 500 
49 500 
51 000 
51 250 
48 240 
48 340 


30 220 
43 690 
44 000 
45 750 
47 520 
49 020 
32 650 
37 820 
41 510 
41 720 
39 500 


‘ 


46 260 | 


45 500 
48 500 
40 000 
38 000 
38 500 


38 000 


Second maximum. 
Lbs. per sq, in. 


None. 
43 120 
42 000 
None. 
8 910 
40 080 


50 380 
49 210 
49 920 
50 270 
59 980 
57 650 
57 340 
58 080 


720 
420 


79 110 
79 110 


48 000 


30 090 
None. 
40 00U 
None. 


40 460 
None. 


42 810 
36 600 
36 £00 
35 580 


940 


48 910 


Lbs. 


Load per sq. in. at 
removal, 


30 000 
30 000 
30 000 
30 0U0 


50 380 
49 210 
49 920 
£0 270 
59 980 
57 650 
57 340 
58 Oro 


88 720 


89 420 


79 110 
79 110 


35 600° 


22 800 
35 0U0 
40 
35 O10 
35.100 
40 
30 000 
30 000 


35 000 | 


35 
30 
35 
35 000 
35 000 
25 000 
25 
25 000 


) 0 


48 910 


Laboratory Cambria Iron Company, 1886. 


TABLE No. 


9 10 il 12 
| | Qe | Oe 

29 740 000 | 2.0 50 eee 
1.8 46 sce 
29010 000 | 3.5 58 
2.8 60 
3.1 74 
29 420 000 | 0.9 20 soceece 
0.9 21 
29 420 000 1.0 23 
29 200 000 | 1.0 28 behes 
28 670 000 | 1.7 
2.0 34 nieces 
2.0 
1.8 .39 
ve 0426 
29 220 000 | 1.0 
29 330000 (0.8 21 See 
29 200 0U0 | 0.75 22 
ee ee 0065 
2.54 -61 
28 830 000 0985 
2.5 
1.2 Bl 
1.6 .40 
2.5 .57 
1.6 ll 
1.5 
11.2 -24 
1.2 17 
29 790 000 | 1.8 
1.4 -42 
29 810 000 45 
29 240 000 | 1.8 .46 
28 570000 2.3 
28 570 000 58 
28 180 | 1.7 56 
30 120000 9.0 


13 


Kind of material. 


Open hearth 


steel, all 
from same 
melt. 


Open hearth 


steel, all 
from same 
melt. 


Open hearth 


steel, all 
from same 
melt. 


Spring steel. 


Open hearth 


steel, 


{ 
| | 
| 

4 
| | 
| | 


O. H. steel. 


Tron rolled 
from scrap. 


Sligo stay- 
bolt iron 


Marshall, Engineer Tests. 


REMARKS. 


Gave way at a bend 2 inches from middle. 


113 200. 
89 460. 


Maximum stress per square inch original = 
actual = 


Gave way at injury by clutch. 


Maximum stress per square inch, original = 168 700. 
o actual 126 350. 
Elastic limits by micrometer. Beam showed limit of 573 at 
73 260 Ibs.,and of 579 at 72 000 Ibs.,but there was no failure 
to sustain those loads. There was but one maximum 
corresponding to second maximum as given for the other 
materials. 
Elastic limits by micrometer. 
But one maximum. 
Maximum stress per square inch, 
“ “ 


Beam failed to show limit. 


original — 190 000. 
actual = 166 030, 


Maximum stress per square = 126 000. 
“ 


99 360. 


inch, original 
actual 


Maximum stress per square inch, original = 91 710. 
actual = 173 850. 
Maximum stress per square inch, original = 8&0 000. 
= 67070. 


actual 


| | 
| 
000 
390 
270 
33 650 Bessemer steel. 
None. 


Vol 70. 


TABLE No. 


Tensile Tests Miscellaneous Bars.—Testing Laboratory Cambria Iron Marshall, Engineer Tests. 


of 


lot. 


compression 
| tests from same 


Lab. Nos. 


330, 331 
348, 352, 350 
358, 359 
457, 
476, 479, 466 
503, 500 
506, 510 


573, 579 


559, 547, 547a 


2336a—b 
2348a 
2351a 
2352a 
2353a 
2350a 
2335a 
2343a 
2344a 
2347a 
2346a 
2345a 
2338a 
2337a 
2293 
2307 
2311 
2311 
2391a-b-c 


Dimensions 6f 
cross-section. 


Square. 


1 square, 
round. 


1 


Square, 
1 


1 round. 


Elastic limit. 
Lbs. per sq. in. 


Ultimate 
strength. Lbs. 


per sq. in. 


Gauged length. 


230 
830 


39 570 | 


54 430 
50 830 
51 810 


260 
74510 


| 69 000 


67 110 | 


\o 750 

670 
| 44 690 
| 43 250 
| 46 000 
160 
50 660 
32 010 
36 920 
39 460 
39 570 


47 00U 
47 600 
39 000 
36 000 
41 000 
42 780 
35 500 


000 


| 


67 320 
67 500 

66 120 
102 300 
101 900 
102 200 
101 600 
144 400 
144 700 
144 600 


80 825 
45 980 
71 400 
74 625 
78 375 
82 150 
82 430 
52 100 
61 110 
61 870 
63 140 
64 680 
72 050 
74 625 
74 650 
56 810 
51 790 
57 690 


55 890 


Elongation. 
per cent, 


Reduction of 


area per cent. 


9 


Modulus of 
Elasticity. 
Lbs. per sq. in. 


30 420 000 
29 850 000 
29 150 000 
29 500 000 
29 640 000 
29 960 000 
29 420 000 
29 200 000 


580 000 
630 000 


28 570 000 
28 480 000 
28 480 000 


30 190 000 


10 


Appearance of fracture. 


Fine silky 

Cup, fine silky 

Fine crystal, dull 

Crystal, dull spot..... eee 

Crystalline 


Dull, some faint crystal... 
crystal, dull center. . 
Coarse silky 
Dark “ 


il 


Kind of material. | 


) O. H. steel from 


“ly same melt. 


Jo. H. Steel from 
same melt. 


O. H. steel from 
{ same melt. 


O H. steel. 


Bessemer stee’. 


| 
Iron rolled 
from scrap. a 


Sligo stay-bolt 
iron. 


12 


REMARES. 


Elastic limit by beam and flaking of scale. 
micrometer. 


to show limit. 


beam failed 


Each from a different melt. 


| 
r 
| 
J 
| 


Each from different heat, 


| Broke in grip. 


Elastic limit by micrometer. 
beam. 


? 
| | | 
j | 
| 
| } In. 
P 329 | | 1 round. 8 29.5 57 
27.0 47 Dull crystal, dull spot... 
2351 ‘ 25.0 55 29 966 ‘ ‘ 
2 | | | | 
9310 | Half cup, fine silky...... 
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square inch. 


TABLE No. 


(See Plate X.) 


| CONDITION BEFORE TEST. 3 | ag 
we: 28 97 N. .OL W. .02 4740 46 480 —1H00 
w2 30 8S. .02 W. .02 45 400 47 670 —1 730 | 
Wwe: 34 118 iness N. .03 W. .02 50200 | 44620 —5 580 | 
40 | N..08 E. 49 610 19 210 —32 140 
Wi: “4 | 8. .025 | E. .OL 48170 30000  —18170 
| 
| @ i N. .04 WwW. .02 | 50170 | 
Same shifted bearings .02 south 50170 13270 
| 
Samo applying pressure at start to cause failure in opposite direction} ..-.. | 
Same shifted bearings .09 north axis 60200 8800 ........ 
| | 
Same shifted on bearings .06 north of 10 000 


| 
| 
| 


viation just 
before fail- 


Principal de- 
ure. 


| 


JUST AFTER FAILURE. 


Load. 


41720 
39 730 
32 690 
19 8lU 
26 830 
21 850 
19 900 
19 900 
18 820 
18 820 
33 000 


17 580 
13 930 
15 120 
16 450 
15 900 
15 780 
15 
15 100 
16 000 
13 600 
12 960 
13 000 
15 900 
13 600 
14 600 
12 10 
12 200 
11 540 
11 440 


10 660 
9 210 


9810 
9810 


9 710 
9 830 
10 830 
8 000 
8 200 
8 700 
8 800 
7 200 


7 300 
7 300 


Deviation. 


~ 
te 


~ 


ts 


All from same blow, distinguished letter Tested from rolls with rocking bearings, bars vertical, axis pins east and west. 


All dimensions 
Deviation from straight line through centers ends bars the middle length. 


inches; loads pounds per 


Load removed. 
Deviation. 


of nS & 
| a 
-22 
} .195 
055 
.035 
-O1 
05 
012 .05 
-05 
-01 06 
.015 
.01 “04 
-02 
-O1 -03 
-005 -O1 
Ol -07 
| >11 800 .004 00 
15 800 00 00 
12 700 002 | 00 
16 810 00 00 
9 850 00 00 
9 510 00 00 
00 00 
00 
13 870 00 00 
9 730 -002 00 
| 8000 eee 


REMARKS. 


Mode of failure, etc. 


Not removed til lead fallen to 30 000. 


Rather sudden at 6 inches from upper end. 
Slowly to 38 720; then suddenly tu 19 810. 
Sudden. 


“ Elastic limit is mean of two tests. 

ee after standing a while at maximum. 
bent along axis. 

“ 


Very sudden. 


Very sudden. 


Bent east first, then north. 


Very sudden. Scale disturbed only near middle. 
Scale disturbed middle 12 inches. 

Maximum lengthenirg per inch middle S. = .005. 
Scale disturbed in middle 12 inches by reapplication, 
Scale disturbed in middle by reapplication. 

Scale slightly disturbed N. side middle 15 inches. 
Scale not disturbed. 


Scale slightly disturbed middle 6 inches 8. side. 


Scale disturbed middle 14 inches by reapplication. 
Scale not disturbed. 


Scale not disturbed. 


Scale slightly disturbed middle 14 inches north side. 
Scale not disturbed. 


e N. .10 N. .89 .64 
| N. .82 .16 
| N .42 .04 | 
ee > N. .13 | | N. .79 N. .05 | “ . 
N. .04) | | N. .04 “ 
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All from same lot iron distinguished letter Tested from rolls with rocking bearings, bars vertical, axis pins east and west. dimensions inches; 
loads pounds per square inch. Deviation” from straight line through centers ends bars middle length. 


| Deviation towards Ao sa | #382 225 | 
K— | 16 55 8. .0l W. .OL | | 015 -11 Load at removal 22 000. 
—: | 16 | W. .065 32 000 W. .075 W. .305* | | .025 | .18 |Bent along axis. * After load fallen to 30 900. 
| 
Ki: | 2 69 | | 00 00 | 35100 33910 | —1190 Ss. .U3 31 509 8S. .08 8 28* | 19000* | .02 | 04 |* ~ After load fallen to 20 000. 
Kl: 22 7 04 | 35100 34700 | —400 18 000 B. | |} .015 
Kill 24 | «(83 | 8. .04 W. .02 33380 | 31230 | —2150 8. .09 16 850 8. .40 8s. .42* | =) 10000 | .01 -04 * After load fallen to 16 000. 
Kill: | 83 NN. | .Ol 33 380 | 32220 1100 | 17 850 N. .33 exes O15 | -03 
| | | on W. .24 | Bent west first, load falling to 26 200, then 
K 3: 28 | | N. .06 WwW. .04 35 500 30 700 —4800 | N. .095 13 900 N. .63 N. .42 > 18 400 -015 -03 Sudden. 
K5: | 80 104 0 #| 8. .06 oo | 34340 29270 —5060 8. .12 | 12780 8. .65 8. .44 11 710 .01 -05 
K 18: 30 104 . N. .08 W. .02 34750 | 33000 | —1750 N. .05 | 12000 Be 3 N. .50 > 11 000 Ol | -03 
| | | 
K4 oo W. .04 32 900 309140 | —1960 8. .04 9 980 8. .44 > 9 780 02 
K4: | 118 .03 8. .05 E. .04 | 32900 | 26000 — 6 900 8. | 12200 8. .57 .@ | 12 500 -004 | -03 (Slow. 
K4 % | 195 «| 03 | 8S. .06 | W. .03 900 20 900 — 12000 8s. .13 | 13930 8. .53 8. .20 12920 | | 01 
Ka: | 36 125 N. .03 W. .O4 32 900 19 900 —13000 | 33.300 | 11240 {| .007 | .02 Rather slow, 
KS | 38 132 | 00 | W. 34 340 31 020 —3320 | N. | 9170 N.> .90 N. .57 | > 7000 O01 | -04 Sudden. 
K6: | 38 132 Some 8. .02 E. .02 34 340 23 320 — 11 020 8. .07 | 11220 S . | 8. mM | 11 510 .007 } -01 “ 
K5- | 40 138 | .10 00 00 34 340 \ 30 600 — 3740 8 950 N. .88 N. .438 | >8 950 -005 | | ee 
K it | 40 S| tens | 00 W. .03 33 860 18 890 — 14970 N. .07 11 430 N. .49 N. .11 11 630 -002 | -Ol Rather sudden. 
K 6° | 42 | me 5 Sane 00 | W. .04 36 410 18 000 — 18 410 N. .04 | 12700 N. .48 | N. .02 | 13 000 00 | -O1 
K6: | 42 145 | cove N. .04 E. .04 36 410 14 600 — 21 810 | N. .09 | 12910 N. .39 N. .05 seecseoe sees | «eee |Very slow. Scale not disturbed. 
7 
Same shifted on bearings .03 south of 36410 21 850 —14560 | N. «107380 N. .74 | N. | 10 630 .002 | 
K7 44 152 | 8. .07 00 33 680 8. .37 | 11000 8. .47 8. 9 600 002 01 
Ki: 44 152 8. .03 E. .02 33 680 8. .038 8 000 8. .97 8S. .46 > 7000 002 02 
Ks» | 48 166 coos | 00 | E. .01 31 760 |. 10 640 N. .44 | «ee. (Scale not disturbed. 
Same shifted on bearings .01 south ofaxis....... 31 760 N. .05 9 550 N. .69 | N. .06 | 10 640 00 | 00 
| | | | 
Same, applying pressure at start to cause failure in oppo- | | | | } | | 
Same, applying pressure start cause failure 
| | | | | | 
‘Same shifted on bearings d 36 000 | 8 500 N. .30 eer] 
ed ++, 36000 .14 8 400 | BTS 00 00 Scale very slightly disturbed. 
K 10° | 56 | 194 | N. .0& | W. .08 | 4." 8000 | 00 00 Scale not disturbed. Very slow. 
K 10: 56 194 ©. 1h. & 34 180 17 500 |Very sudden. Varying degrees of pressure at 
| | start gave maxima 17 000, 9 900, and 13 000, 
| failures all toward south. 
Same. applying pressure start cause failure 
1K | 33 400 12 800 N. .02 6 400 N. .68 N. 00 9 000 | «eee |Rather sudden. 
Same, applying pressure at start to cause failure in OpPo-| | 
site 8. .13 6 700 8. .86 8S. .05 15 000 
Same, applying pressure at start to cause failure towards 
dil 8. .04 5 400 | N. .89 N. .06 to fail towards west, veered north. 
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TABLE No. 10. 
Detail Tensile Test Square Steel, Series 


1.006. 


Machine Emery 300 


Load applied. 
Pounds. 


1 006 

5 030 
15 090 
25 150 
35 210 

030 
35 210 
40 240 
41 246 
42 252 
258 
44 204 
45 270 
46 276 
47 282 


47 782 
47 782 
47 782 
47 782 
47 782 
47 782 
48 288 
49 294 
50 300 
51 306 
52 312 
54 324 
56 336 
58 348 
60 360 


62 372 
64 384 
66 396 
68 408 
70 420 
70 780 


70 0LO 


67 000 
56 000 


=] 8 

= 

= 

= a RQ 


15 000 27.25  .008925 -O491 
25000 | 26.75 |.006600 -0825 |Modulus of extension = 29 630 000. 
35 000 | 27.00 | .009300 -1162 | 
40000 | 13.75 |.010675 | .1334 
41 000 2.25 |.010900 -1362 | 
43 000 2.75 |.011425 1428 
44 000 2.50 |.011675 -1459 | 
45 000 |* 2.75 |.011950 | .1494 | 
46 000 2.50 |.012200 1525 | 
47 000 3.75 |.012575 | .157 Bar scaling upper end outside of gauge 
| points. 
47 500 | 446.00 |.057175 .... |Sealing lower end, elastic lim:t by beem. 
500 250.00 |.082175 minute later. 
47 500 | 975.00 |.179675 | --.. |Two minutes later. 


+++. One minute later. 
47 500 | 10.00 |.180675 “ 
47 500 7.00 |.181375 | 
48 v00 8.00 
49000 | 12.00 
50 000 | 240.00 
51 000 | 109.00 
52 000 
54 000 | 380.00 
56 000 | 495.00 | .328675 
58 000 | 535.00 |.u82175 | 4. 
60 000 | 640.00 | .446175 | 5.5 
| 


Micrometer removed. Above on gauged 
length 8 in., below on 10 in. 


62 000 | 0.70 7.0 

66 000 coee | 0.98 9.8 

70 000 1.67 (16.7 

| begins to fall. 

69 580 | 2.38 (238 

66 600 sees 2.51 25.1 

55 660 +++. |Breaking load, 

2.71 27.1 | eeee |After rupture. 


Appearance of fracture, fine, silky and dull. Radial markings. 

Position fracture, inches from end mark, 

Diameter, .660 square. 

Per cent. reduction, 56.7. 


4 
| 
4 
q 
i 


Load applied. 
Pounds. 


40 280 
315 
46 322 
48 820 


47 831 
47 831 
47 831 
47 831 
47 831 
48 820 
48 820 
48 820 
50 350 
52 364 
54 378 
56 392 
60 420 
70 490 
80 560 
90 630 


MARSHALL STRENGTH STEEL AND 


TABLE No. 11. 


Detail Compression Test Square Steel, Series 


Piece Mark ...... 

Gauged Lanmgth Total 4.020 inches. 
Mamery 300 000, 


> | 

| | Specimen removed for measure- 
} ment after tach load. 

40 000 00 .. |Lead held one minnte. 

48 480 eee. |-0035 | 0.09 akieeeaws : .. |Elastic limit shown by beam, 

| released load immediately. 

47 500 .035 ee * 

47500 ; .... |.057 | 

48480 .... .079 1.97 

48480 | .... 081 2.02 

48 480 |-082 | 2.05 

52000 | .... |.099 2.47 os 

54000 | .... |.112 2.80 

56 000 | 54320 |.125 3.12 | 1.018X1.020 | 1 038) se + 

60 000 | 57520 |.155 | 3.87 | 1.026X1.024 | 1.050) “ « 

70 000 | 66.030 | .238 5.95 | 1.032X1.035 | 1.067 sd ee 

80 000 | 73 250 |.343 8.57 | 1.047X1.050 | 1.099 os “ 

90 000 | 78 380 |.482 [12.05 | 1.075X1.075 | 1.155 Speci- 
men skewed much that 
| slips on face of platform. Test 
} | discontinued. 

| 


| 
| 
| 
| 
| 
| 
y 


e- 


a, 
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TABLE No. 12. 


Detail Tensile Test 1-inch Square Iron, Series 


Cross Section ....... eseeeeeee 1,005 square. 
ATOR 


© 2 | 
os wis = | 
s |= = 
10100) 10 000 ‘14.00 | .0362 ( 
15150 | 15 000 14.75 | -0547 |B = 27910 000 
20 200 | 20 000 14.00 0722 | 
25250 25000 14.00 0897 
26 260 | 26 000 3.00 | .007475 0934 | 
27270 8627 000 3.00 | .007775 0972 | 
28 280 | 28 000 2.75 - 008050 1006 
29290 29000 4.00 | .008450 1056 
30 300 | 30.000 3.00 008750 .1094 
31310 | 31 000 | 6.00 -009350 -1169 
32 020 | 31700 | 1108.00 | .120150/1.50 | ..... ° \Elastic limit by beam, held oue 
minute. 
32320 32.000 | 11.00 | .121250 | 1.52 | 
33 330 000 29.00 | .124150 | 1.55 
34340 34000 | 380.00 162150 | 2.03 | 
36 360 000 300.00 -210150 | 2.63 | ..... |Micrometer removed. Above on 
gauged length inches, below 
} on 10 inches. 
38 380 | 38000 | ...... | 0.32 3.2 
46460 46.000 0.90 | 9.0 | 
50 300 49 800 1.94 |Maximum load. 
46000 45540 | save |Breaking load, Fell rapidly after 
maximum. 


Appearance of fracture, 100 per cent. fibrous. 
Position fracture, inches from end mark. 
Diameter, .835 X .840. 

Per cent. reduction, 30.5, 


Elongation of inch sections, .30 X .37 (fracture) X .22 X .20 X .19 X .18 X .17°K .17 € 
-16 X .17. 


SumMMARY OF TENSILE TEsT OF 1-INCH SQuaRE IRON. 
Series K, Piece mark K 5. 


Elastic limit........... +++e+. == 32 280 pounds per square inch, 
Ultimate strength...... = 50 490 ee 
Elongation in 10 inches...... = 25.2 percent. 

Reduction of area............= 38.0 “ 

Fracture fibrous........ 100 


| | | | | | 
= — = — = — 
it 
e 
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TABLE No. 13. 


Detail Compression Test 1-inch Square Iron, Series 


Gauged Length ......... = 3.984, 
Machine ...... Emery 300 C00 
=e | | Seo Enlarged | > 
~ | @ | 
| 
19 800 | 20000 enee 000 00 Sibinatrn’ . | «. |Load held one minute. 
24 750 | 25 000 000 00 ee 
25 740 | 26 000 000 00 . = os 
26 730 | 27 000 | 000 00 “ 
27720 | 28000 .... | 000 00 
28 710 | 29000 000 eos ee a4 
29 700 | 30 000 |.0005 | 0.01 oe 
30 690 | 31 000 |-0015 | 0.08 
32670 | 33000, .... | .023 | 0.57 oeccescoce ad four minutes. Prin- 
cipal elastic limit. 
33 660 | 34.000 | 33830 | .024 | 0.60 -995 Load held one minute. 
34650 | 35000, .... | .027 | 0.67 | 
35 640 | 36 000 cane -030 | 0.7 
36 630 | 37000, .... | .032 0.80 
37 620 | 38000 | 37690 | .039 | 0.97 998 oa oa 
38610 | 39000 .... | .042 | 1.05 ‘ 
39 600 | 40000 | 39600 | .046 | 1.15 1.000 oe “ 
43 960 | 44400 | 43710 | .069 | 1.72 | 1.0031.003 | 1.006 . “ 
45 540 | 46000 | 45190 | .082 | 2.05 | 1 004X1.004 | 1.008 “ “ 
47 520 | 48000 | 46890 | .098 | 2.45 | 1.007X1.007 | 1.014 of we 
49 500 | 50.000 } 48440 | .116 | 2.90 | 1.010X1.012 | 1.022 "9 ad 
64450 | 55000 | 562340 | .171 | 4.27 | 1.020X1.020 | 1.040 “ “ 
59 400 | 60000 566240 | .236 | 5.90 | 1.028X%1.028 1.056) os 
64 350 | 65.000 | 59500 | .313 | 7.82 | 1.040XK1.040 1.081 sad - 
69 300 | 70000 | 62250 | .408 | 1.02 | 1.055%1.055 1.114 = “ 
tinued. 
Cross section out of square and 


| 
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TABLE No. 14. 


Detail Compression Test Round Steel, from Rolls. 


pplied. 


Pounds. 


| Load a 


39 200 | 


39 600 


600 


39 600 
39 600 
39 600 


37 300 


38 000 | 
00 | 


38 400 | 
28 000 | 


-800. 


Gauged Length.... .......... 
Total Length 


5 000 8.75 | .001500 
10 000 14.50 | .002950 
15 000 14.50 | .004100 
20 000 13.75 | 005775 
25000 | 14.00 | .007175 
30000 | 13.75 | .008550 
40000 12.75 .011150 
| 44000 | 2.25 | .012125 
| 46 000 2.25 | .012600 
3.00 
000 3.25 .013600 
5.75 
49500 34.50 .024875 
49500 | 65.00 | .031375 
625 
47 500 usage 
00 | .175 


8 inches central. 


Emery. 


Set. 


Shortenivg per 
cent. 


_ 


Remarks. 


\E - 28 830 000. Modnlus of com- 
pression — 28 680 000. 


First break of scale, lower end. 


Scaled inches lower end. 


Going. 
About minute intervals. 


\Scales in middle. 
Bending left front. 

Fell to this slowly. 

| Rose to this slowly. 

|Removed and measured. 

Replaced. 

Second maximum. 

Load falling. Removed. 

Upper bearing opened at edge. 


Gone by beam. 


Maximum ordinate inch above middle 
Chord shortening............. 


-61 inch. 


8 000 -0369 
16 000 -0722 | 
000 
24 000 -1069 | ...... | 
28 000 
800 
600 
400 
200 
000 
37 600 -1605 
-1700 | 
| | | | 
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APPENDIX. 


CAMBRIA IRON COMPANY—TESTING LABORATORY. 
Pa., May, 1887. 


EXPLANATIONS. 


All tested from rolls, not cold straightened. 

Ends bars were plane, and rested hinged-rocker bearings with 
lubricated pins, the bearing surface which plane axes pins. 

Deviations were taken middle bar, and are referred the 
straight line passing through centers ends bar. Deviations given 
for load were measured before putting bar into testing machine 
applying straight edge. Deviations under load were obtained 
measuring with steel scale the ordinates from fine fish cords stretched 
parallel bar means clamp bottom, which one end cord 
was fastened, and similar clamp top carrying grooved pulleys over 
which the cords passed with weights attached overhanging ends. 


Deviations under load and under initial load 200 500 pounds 
are assumed equal. 


The tests were made vertical 300 000-pound Emery Testing 
machine. Axis pins all cases east and west. All bars, except 
few the longest ones, were scribed every inch all four sides, and 
the inches are referred numbers beginning bottom. 

Marked end bar was down all cases. 


ith 


STEEL AND IRON. 


Description Load Load. DEVIATIONS. 
of Tha Lbs. per Remarks. 
Specimen. * | sq. in. i E. Ww 
In In. In. In 
Mark, W 5 00 00 ° 00 oe 00 
200 00 00 | 
Length, 12.03 in. 5000 .... oo; .. 00 
10000 | .... 00 00 
Size, 20000 | .... -005 se 00 
1.000 x 1.005 in. 30 000 cece -005 00 
40 000 005 | .. | 
41 000 | 005 00 
43000 | ... <a 005 
| 44 000 cose 005 -005 
| 45 000 005 005 
| 46000) .... ° 005 005 
| 49 000 -005 ‘ ou 
| 51 0v0 aan se 005 00 Scaling on ends, slightly at 
| middle. 
51600 51350 -O1 00 Gone. 
| 49 800 ater 01 | 00 Sealed 2 inches upper end, 
inches lower end. 
| 49 800 = 01 01 | Scaled 3 inches upper end, 
| | | 2 inches lower end. 
50 000 pa -02 ‘ 03 | Scaled 4 inches upper end, 
| 3 inches lower end. 
48600 .... -03 ° 05 Scaled 5 inches upper end, 
inches lower end. 
49400 | .... .03 07 | Scaled 6 inches upper end, 
3 inches lower end, 
45500 | .... ‘ -22] . 
45 000 cove 09 28 
15000) . -09 -27 
| 25000 | .... 09 -28 
| 35 0.0 .28 
| 36000) .... -28 ow 
| 37000 | ... ug -29 
| 3% 000 .09 .29 
40 000 10 ae 29 
| 41000 10 29 ee 
| 42 000 10 oe .29 
| 44000 | oe -29 | 
| 44 800 oe ll .30 ee 
43 209 | | . Specimen remcved. 
| 
Chord shortening = .33 inch. 
At 1 2 3 4 5 6 7 8 9 10 11 inches, 


Ordinates west { .02 .04 .14 .22 .30 .32 .30 .24 


“ south | .02 


1 2 3 
West Side -02 .015 
East Side 04 04 


05 .12 .12 .13 .11 .09 


SHORTPNING PER INCH. 


16 .09 inch. 
* 


4 5 6 7 8 9 10 ll 12 inchei 
O01 .03 .045 .05 .04 .03 .03 .02 .02 inch. 
-02 00 —.01 00 .02 


18. } 

| 

rer 
is, 


Description | Load DEVIATIONS. 
In. In. 
Mark, W 8 00 | 00 | 00 00 
10000 |; 00 00 
Size, |} 20000 | .... 00 00 
1.003 x 1.004 in. | 30000 eee 0 00 
| 40 000 00 00 
| 42 000 cece 00 00 
| 43000] .... 00 00 
| 44000 weve 00 00 
| 45 000 00 .O1 
| 46 000 coe | 00 
end. 
47800 | 47 480 00 .02 Gone. 
.... -01 Scaled inches upper end, 
lower end. 
48800 | 48470, . -O1 .02 Scaling more rapidly. 
48 000 eee -03 .02 Scaled 5 inches upper end, 
linch lower end. 
46 000 ee | .07 -03 
| 40 000 ° 25 .03 Scaled 7 inches upper end, 
| 1 inch lower end, 
motion. 
34 300 oe | -30 -04 | 
36 000 | 32 Past extent of rocking mo- 
tion. 
15 000 
25 000 oes |Extent of rocking motion. 
‘Specimen removed. 
AFTER SPECIMEN REMOVED. 
SHORTENING PER INcH. 
At 1 a = 5 6 7 8 9 10 11 12 inches. 
North Side { .005 0 ©O O .02 .04 .04 .035 .025 .025 .025 .02 inch. 
Side { 01 uv O 0 oF OF ot -OL -04 


* Scale disturbed by tension. 


t Scale disturbed by compression. 


| 
. 
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Chord shortening. . 


a 


22 
ol 


21 
in middle three inches. 


19 
-O1 


SHORTENING Per INcH. 


15 16 17 #18 


-005 .005 .005 .005 


tol4 


South Side 
—Seale very slightly disturbed 


23 to 36 
0 


14 #15 16 #417 «218 «20 
-005 .005 


13 


-005 .005 .005 .005 .005 .005 .005 .005 


1to12 
0 


South Side { 


-005 .006 


20 
OL 


North Side 


North Side.—Scale very slightly disturbed in 18 and 19 inches. 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


scription | Load. DEVIATIONS. | 
ws: 00 | 00 | 015 | 03 
Size, 15 000 | 015 } Ol 
30000 | ... 025 00 
|} 36000 | .... | .045 


| 13.000 | 13 000 oi .975 | .. | ., (Seale disturbed in middle 
inches concave side, 
| slightly on other side, 

200 eee ee | 


3 000 | .505 


| 5 000 eee ae 585 
200 ee ee Removed specimen. 
Ordinate north at middle = .44 inch. 
west = 016 
Chord shortening........= .01 “ 


(SHORTENING PER IxcuH. 
. . l'to 18 19 20 21 22 23 to 40 
South side not perceptible. 


Description Load Load. DEVIATIONS. 
of Lbs * Lbs. per _ Remarks. 
Specimen. | sq. in. | 
N | 8 E. WwW 
In. 
Mark, W 5- 00 00 .08 -015 
200 $s 015 | 
Size, 7 500 .10 -O15 
12 500 | ee “015 
Ends square. 15 000 | 
19300 Going. Failed. 
15 900 59 ee 
3 000 oe oe 
5 000 oe | 


16000; .... | .38 


15400 .... -60 Se .. |Scales og inside, 


Ordinate south at middle = .16 inch, 
Chord shortening....... = sd 


Shortening per inch not perceptible. Scale disturbed inches south side, 


| 
: 
| | | 


MARSHALL COMP. STRENGTH STEEL AND 


Load. DEVIATIONS. 
In. In. 
Mark, W 7- 00 00 00 | 00 eo» 01 
200 oo | 00 oo | 
Length, 41.97 in. | § 000 
| 10000 | OL | OL 
Size, | 15 000 oe 
1,000 x 1.000. 20 000 -O1 
25 000 acne oe | ee 
Twist right 30000! .... oe -02 
32 000 | ee 
13 600 | | Extent of rocking motion. 
200 .01 Scale disturbed middle 14 
inches north side. 
2 000 oo | ome 
3 000 on 27 
6 000 cone ee 
8 000 .43 
10 000 ones | 69 | 
Ordinate north at middle = .25 inch. 
Chord shortening........= 0 “ 
SHORTENING PER INcH. 
North Side Middle 6 total. Middle total. 


South Side not ee. 


Description Teed Load DEVIATIONS. 
of yng Lbs. per Remarks 
Specimen. | | sq.in.| s. E. 
In. 
Mark, W 7: 200 | wove -05 | 00 | 
15 000 .09 js 
Size, 16000 | .... .10 01 
1,000 x 1.000. 16600 | 16600' .. a +» | «+ {Failed slowly. 
14600 | .... ee 
14 500 cove .42 
200 cove ex 00 (Scale undisturbed, 


14 000 -10 aa 

15 800 .. |Failed. 

14 700 we J 

14 900 cove | | 


| | side. 
.... 


| 
| | middle 12 inches south 


Removed specimen. 


Ordinate north at middle = .14 inch. 
bad west = 02 
Chord shortening.. = « 
Shortening per inch not perceptible ‘where scale disturbed. 


| 
‘ 
q 
q 
| | | 
q 
q 


ith 


MARSHALL COMP. 


STRENGTH STEEL AND IRON. 


Description 
Lbs 
Specimen. 2 
Mark, W 7: 200 
5 000 
Length, 43.97 in. 10 000 
12 000 
Size, 13 000 
1,000 x 1.000 in. 14 000 
15 000 


Has some dents on | 16000 
the corners, and | 17 000 
right hand twist | 18009 
== .06 in. 19 000 

20 
200 


20 000 
21 000 
22 000 
23 000 
24 000 
25 000 


32 100 


209 


1 000 | 


2.000 
3 000 
4 000 
5 000 
6 000 
7 000 


10 000 
| 11.000 


12 000 
12 400 
12 700 
| 200 


8 000 | 
9 000 | 


12 | 


Load. DEVIATIONS. 
Lbs. per 
| 
In. | In. 
00 | .U6 .02 
| ee o | 
.07 
.U7 
see oe | -01 
.07 oe 
sees 08 eo 
-06 | oe 
cove .08 -02 
qeee -09 ee -OL 
OO; . ate -O1 
.10 
cece -10 } .OL 
oo it -OL 
cove 17 
19 
cece 22 Pics 
wane -25 pa ee 
51 oe 
.66 
| es -OL 


Remarks. 


confirm original devia- 
tion. 


| 
| 
| 
| 


Not quite extent of rocking 
motion. Scale slightly 
disturbed in middle 12 
inches south side. 


|Going. 


Scale disturbed middle. 
removed. 


Ordinate south at middle = .20 inch. 


Chord shortening........ = 00 


“ 


Shortening apparently .01 inch in middle s’x inches, south side. 


4 
| | q 
| q 
| 
| q 
4q 
| 
| q 
| q 
| | q 
— | 
| 
— 
= 
q 
in 1 
3 
. . 


MARSHALL 


COMP. 


STRENGTH 


AND IRON, 


Mark, W 7: 


Size, 
1.000 x 1.000 in 


No twist. 


Description 
ot 
Specimen. 


Mark, W 6: 


-05 in. 


Description 
of 
Specimen. 


Length, 43.97 in 


Length, 48.00 in. 


Size, 
1.003 x 1.003 in. 


Right hand twist = 


00 | 


200 
5 000 
10 000 
15 009 


| 20 000 
| 25 000 
26 000 | 


27 000 
28 000 
29 000 
3. 000 
12 200 


200 
1 000 
2 000 
3 000 
4 000 
5 000 
6 000 
7 000 
8 000 
9 009 
10 000 
11 000 
12 000 

200 


Ordinate north at middle, = .18 inch. 


Load DEVIATIONS. 
Lbs. per 
8q. in. | 
In. | In. 
| -02 
| .02 -OL 
.03 .01 
-03 
coos 
ee -05-| 
-16 | 00 
ee -16 ee 
ee | 
.19 
eve -20 | e 
-21 
-23 
-25 | 
eee 45 
eee -63 | 
17 


= east 


Chord shortening........ = 


Shortening per inch not perceptib‘e. 


Load. 
Lbs. 


00 
200 

5 000 
6 000 
7 000 
8 000 
8 000 
9 000 
10 000 
10 600 
10 720 


Ordinate south at middle 
Chord shortening........ 


Load. DEVIATIONS. 
Lbs. per 
8q. in. 
N. 8. E. 
| In | In. 
00 -06 -04 | 
ese -04 
-09 
cece ll -03 | 
eee -03 
13 
eee 4 -03 
eee -20 -03 
34 -04 
-72 
10 660 -92 
-18 
-22 
obs | 
.33 | 
owe 
sess -62 oo | 
9 850 -92 


Remarks. 


w. 


Failed very suddenly. 
Scale disturbed in middle 
15 inches north side. 


Extent of rocking motion. 
Specimen removed. 


“ 


-01 
00 


Remarks. 


w. 


|Extent of rocking motion. 

| Seale slightly disturbed 
in middle 14 inches south 
side, but shortening per 
inch not perceptible. 


“ 


wes 


16 inch 
5 


| | 
Load. | 
| 
| 
q .. | Failed. 
200 
3 000 
000 
000 
000 
8 000 
000 
| 


Description Load 
Specimen. 


Mark, W 6° 00 

200 
5 000 
10 000 
13 200 
11 600 

200 
5 000 
10 000 
11 000 
12 000 
13 000 
14 000 
11 500 

200 

00 


Length, 48.00 in. 


Size, 
1.003 x 1.003 in. 


200 
5 000 
10 000 
11 000 
12 000 
13 000 
14 000 
15 000 
16 000 
17 000 
18 000 
19 000 
20 000 
21 000 
22 000 
23 000 


11 500 
200 

1 000 
2 000 
3 000 
4 000 
5 000 
6 000 
7000 
8 000 
900) 
10 000 
11 000 
12 000 
13 000 
14 000 
, 15 000 
16 000 
16 900 
11 200 
200 


Load. 


Lbs. 


sq. in. 
N. 


In. 
-02 
-02 
.03 
-52 
-02 
.02 
.03 
-O4 
-05 
45 
-02 
-02 


00 


130 
11 540 


980 


-02 
.03 
.03 
cece .05 
.05 
.06 
ees 


2 870 .08 


11 440 


-O4 
eens -05 
.05 
-05 
.05 
.06 
-06 
cabs .07 

07 
-07 


810 


east 


DEVIATIONS. 
| 
Ss. E. 


Ordinate south at middle 


Chord shortening........ 


.04 inch. 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


w. 


Scale disturbed very slightly in middle 6 inches south side. 


Remarks. 


Failed. 


Failed rather slowly. 


Specimen placed .02 inch 
south of axis, 


Failed suddenly. Scale 
slightly disturbed in mid- 
dle 6 inches south side. 


|Failed. 


Specimen removed. 


| In. 
= ae .03 
— ee .03 
-02 
ee ee .03 
oe .03 
ee 
.03 
oe ee .038 
| .03 
ss .03 
se -03 | 
.03 
ee 
04 
eo ee 
ee ee -02 
oe -02 
oe 
-02 
.03 
-10 oe | 
| 
jon. 
bed 
uth 
per 
ff 


Description 

of 
Specimen. 

Mark, 

7 Length, 51.96 in. 

Size, 

q 1.008 x 1.002 in. 

q 


9 900 
9 500 
9 300 
9 600 
9 400 
9 600 
9 500 

200 


500 


200 
5 000 
6 
7 000 
8 000 
9 000 
10 
11 000 
12 000 
13 000 
13 400 


200 
500 


200 
5 000 
6 000 
7 000 
8 000 
9 000 
10 000 
11 000 
12 000 
13 000 


14.000 


15 000 
16 000 
17 000 
18 000 
19 000 
9 900 


MARSHALL COMP. 


STRENGTH STEEL AND IRON. 


Failed. 


Specimen placed .02 inch 


south of axis. 


Failed. 
Scale not disturbed. 


Specimen placed .04 inch 
south of axis. 


Failed. 
Scale not disturbed. 


Specimen placed .06 inch 
south of axis. 


a 
Load. DEVIATIONS. | 
Load. per Remarks. 
Lbs. | 
8q. in. | j 
N. W. | 
In. In. | 
00 00 04 02 | 
5 000 cove -06 -03 
6 000 07 
7 000 -08 -03 
8 000 09 .03 
9210 42 oe 
.07 .03 
} .07 -03 | 
| -03 | 
03 
.09 | .O4 
.09 
-04 | 
.05 -02 
.06 .03 
j .06 03 
065 
-07 04 
| 08 
| cove -08 -04 
.09 04 
.09 04 
13 .06 
| -79 we 
1000 -05 .03 
q | §000 05 -03 
7 000 -05 ae -03 
q 8 000 -05 -04 
11000; .... -05 -04 
q 12 000 | -05 as 
| 15 000 cove -05 ee | 
q 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


(Mark continued.) 


Description 
of 
Specimen. 


Mark, W 9- 


Length, 51.96 in. 


Size, 
1.008 x 1.002 in. 


Load. 
Lb 


17 000 


18 000 
19 000 
20 060 
20 800 
9 800 
200 

5 000 
10 
11 000 
12 000 
13 000 
14 
9 700 
200 


Load. 
Lbs per, 
| sq.in 


20 600 


870 


| 
DEVIATIONS. | 
Remarks. 
| | | 
S. E. Ww 
In. 
05 .05 
05 
| 
O4 06 | 
Failed. 
es 
O4 .02 
.03 
U3 04 
03 ee 
-O1 ee ee .04 
Failed, 
04 -02 removed. 


Ordinate south at middle.. = .04 inch. 


east =. 


Chord shortening..........= 0 “ 


Scale undisturbed. 


. 
| 
ch 
\ 
\ 
neh 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


Description | Seah | Load. | DEVIATIONS. 
of | She Lbs. per Remarks. 
Specimen. 8q. in. 
N. 8. E. Ww 
In. In. In. | 
Mark, W 9: 00 00 
| 500 | 02 
Length, 51.97in. | 5000 .02 
| 10000 | .02 
Size, | | .02 
| 12500 12420 Faiied. 
9 900 9 830 42 02 os 
200 00 02 
| 5000 cose | By pressure on rockers in 
direction correct devia- 
} | tion while load rises to 
| | 5 000. 
10 000 02 | .02 
11 000 2 02 
12 000 | o2 UL 
13 000 | 02) 
| 18000] .... 02) 
20 000 02 01 
21 000 02 -O1 
25 000 oss 03 01 
28000] .... OL | 
30 000 | 29810 .08 .. | «. (Failed. Extent of motion. 
Scale slightly disturhed in 
middle 14 in. north side. 
10 900 | 10830 | ee 
10 800 cone | 1.06 
200 ek .09 .02 | .. Applying pressure on rock- 
| | | ers here produces 10 
| back. 
1 000 10 01 | 
2000 | .... 10. OL 
6000 | .... 4 -O1 
7000 | .... | Ol; .. | 


= .10 inch. 


Shortening on nort hside in middle 6 inches., = .01 “ 


a 
a 
4 
7 
1 
7 
| 
7 


in 
yia- 
to 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


Description 
of 
Specimen 


Mark, W 6° 
Length, 55.93 in. 


Size, 
1.000 x 1.000 in. 


Ordinate west 


at 200in.— .04in. 


6 000 
7 000 
8 000 
8 800 


8 200 | 


9 000 | 


10 000 
11 000 
12 000 
13 000 
14 000 
15 000 


000 


17 000 


18 000 | 


18 900 
8 700 


8 500 | 


500 
500 


5 000 


10 000 | 
11 000 | 


12 000 
13 000 
14 000 
15 000 
16 000 
17 000 


000 


8 800 
7 700 
7 200 
6 800 


6 400 | 


5 900 
5 000 


700 


| 


000 
800 


AFTER REMOVING SPECIMEN. 


DEVIATIO 


NS. 
& | & 
In. | In. 
.09 -03 
-09 .03 
-O1 
14 -01 
.O1 
38 ae 
38 
54 oe 
56 
wis 
Ol 
.06 
.03 -OL 
.08 -02 
-08 -O1 
.08 -OL 
.08 OL, 
.08 -OL 
.08 -O1 
.09 -01 | 
.10 
10 
| .O1 | 
12 
13 01 
15 -O1 
-01 
.93 ee 
.09 
-09 -O1 | 
.09 | 01 
10) .OL 
| 
-01 
ll 
-12 01 
.13 -O1 
13 | .OL 
-15 | .O1 
-16 -01 
18 -O1 
oe 
.99 
-79 
.59 
-29 | 
.18 
14 
2 
.09 


Remarks. 


|Going. 


| Later. 
Failed. 


Specimen placed .09 inch 
north of axis, 
Failed. 


‘Specimen placed .06 inch 
| north of axis. 


Failed. 
Rocker free. 


.07 inch 
north of axis. 


Specimen removed. 


Ordinate north at middle — .09 inch. 
ne west x =.02 
Chord shortening........ = “ 
Scale nowhere disturbe 


| eq.in.| N. w. | 
In. 
8400 8400 ee 
.... 
8100 | .... ee | 
500 | | | ee | 
| 
| 
| | ca 
| 
tion. | os | 
Lj ee | 
hed | Failed suddenly.Rocker free . 
ee 
2 000 | ws 


Description 


of 
Specimen. | ids. 


Mark, W 4. | 00 
| 500 

Length, 60.0lin. | 100 
5 000 

Size, 8 000 
1,000 x 1.000. 5 000 
500 

5 000 

6000 

7 000 

8 000 

7 200 

500 

500 


500 


5 000 
6 000 
7 000 
8 000 
9 000 
10 000 
7 300 

500 

500 


500 


5 000 
6 600 
7000 
8 000 
9 000 
10 
11 000 
12 000 
13 000 
14 000 
15 000 
16 000 
17 000 
17 900 


7 300 
500 
500 


COMP. STRENGTH STEEL AND IRON. 


Load. DEVIATIONS. 
Lbs. per Remarks. 
sq. in. | 
N. 8. E. 


00 ee .O8 
-06 .03 
cove .03 
08 01 os 
8 000 .. Fanled. 
5 000 ° 
.06 
10 os 
10 .02 
8 000 in .. Failed. 
7 200 41 
dake 17 03 
.. Applying pressure to rocker 


to bend bar and then re- 
moving pressure. 


05 03 .. Specimen placed .06 inch 
north of axis, 
.02 
| .03 
| 03 01 
10 000 | Failed. 
7 300 47) -O1 
.. Applying pressure to rocker 
| to bend bar and then re- 
| moving pressure. 
.. Specimen placed .04 inch 
| | north of axis. 
.05, .02 
05 -02 
| 02 
05 | .02 
| 05 | .02 
| 
.. | .02 
| .02 
.07 | .02 
| .02) 
|} | 
cose |} .. | 
17 900 Failed suddenly, Rocker 
| | free. 
7300 & | 
\Applying pressure to rocker 
to bend bar and then re- 
moving pressure. 
Specimen removed. 
Ordinate north middle .06 
west 


Scale not disturbed. 


r 
a 
q — — = = = = = — = — 
| 
. 
| 
| 
q 
7 
q 
q 
q 
> 
‘ 


er 


er 
e- 


er 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


CAMBRIA IRON COMPANY—TESTING LABORATORY. 


Jounstown, Pa., May, 1887. 


made Union Iron Miils, Pittsburg, Pa. 


EXPLANATIONS. 


All tested from rolls; not cold straightened. 

Ends bars were plane and rested hinged rocker-bearings with 
lubricated pins, the bearing surface which plane axis the 
pins. 

Deviations were taken middle bar, and are referred the 
straight line passing through center ends bar. Deviations given 
for load were measured before putting bar into testing machine 
applying straight-edge. Deviations under load were obtained 
measuring with steel scale the ordinates from fine fish cords, stretched 
parallel bar means clamp bottom, which one end cord 
was fastened, and similar clamp top carrying grooved pulleys over 
which the cords passed, with weights attached overhanging ends. 
Deviations under load under initial load 200 500 pound 
are assumed equal. 

The were made vertical 300 000-pound Emery Testing 
Machine. 

Axis pins was all cases east and west. 

All bars, except few the longest ones, were scribed every inch 
all four sides, and the inches are referred number beginning 
bottom. 


Marked end bar was down all cases. 


: 

er 


MARSHALL COMP. STRENGTH STEEL AND IRON, 
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MARSHALL COMP. STRENGTH STEEL AND IRON. 


Description 
of 
Specimen. 


Mark, K 1- 00 
200 

Length, 22.00 in. 5 000 
10 000 

Size, 15 000 
1.003 X 1.000 in. 20 000 


25 000 | 


Ordinate south, 26 000 
=.025. 27 000 

28 000 

East and west 29 000 
straight. 30 000 


31 000 | 
32 000 | 
33 000 | 


34 000 
2) 000 
19 000 
18 009 
200 

5 000 
10 000 
15 000 


South Side 


| Load. DEVIATIONS. 
Lbs. per = 
8q. in. 
| 8 E. Ww 
| | In. In. 
| sees | 00 
| ,025 00 | 
025 
O15 -01 
015 -O1 
| | .015 01 
| -O1 
ee 025 | 
025 -O1 
see 025 os 
ooo | Ol 
33.910 | .03% 01 | 
19 940 | .355 
475 
coos | ee 00 | 
| .475 oe es 01 


west 


Remarks. 


Going. 


Removed specimen. 


Ordinate south at middle, =: .38 inch. 
-.02 


Chord shortening........ * 


SHORTENING Per INcH. 
lte7 8 9 #10 1l 12 13 


4 15 to 22 


oo .Ol .O1 .OL 0 
§{ Ltol0 ll 12 13 to 20 21 22 
North Side. i 0 —.005 —.005 0 “01.02 
Description cond Load. DEVIATIONS. | 
of I = Lbs. per Remarks. 
Specime 
Specimen. sq In. 
N 8 E. w. 
In. In. 
Mark, K 11- 00 00 04 02 | 
200 -02 | 
Length, 24.00 in. 5 000 os Ot .02 
10 000 ot -02 
Size, 15 000 05 .02 | 
1.006 X 1.003 in. 20 000 05 | 
25 000 .05 -02 | 
Ordinates 26 000 oe .05 | 
North = .04 28 000 — 06 | 
30009 06 os 02 | 
31 000 07 | 
31500 31 230 os .09 Gone. 
16 000 ae -55 ee -06 | 
5 000 as . 06 
10 000 -06 Limit of rocking motion. 


| 


specimen. 


Chord shortening 


North Side. 
South Side. 


Ordinate north at middle, — 


east 
SHORTENING PER INCH. 
8 9 10 ll 13 13183 14 16 
-01 .OL .OL .OL 
2 to 23 24 


.02 0 


16 #17 18t0 24 
-01 .005 0 


| | | 
| 
Lbs. 
x 
| 
inch. 


Description | Load. 
of Lbs. per) 


Ordinates. 200 -02 | 

North, = .02in. | 10000 .... 08} .. | 


| 
| 33 900 .. |Fails. 
| 14700 | 


motion. 

| 


Piece removed. 


Ordinate north at middle, = .62 inch. 
east 06 “ 


SHORTENING PER INCH. 


, sa, § 1 tof 10 ll 12 13 14 15 16 17 to 26 
Description Load Load. DEVIATIONS. | 
of | Lbs Eee Remarks. 
Specimen. | * | sq. in. | 
| N 8. E Ww 
In. In. 
Mark, K 3- 00 as .02 .05 
200 200 ee 
Length, 28.01 in. 5 000 -02 04 
Size, 15 000 .03 -05 eo | 


26 000 ee -O4 
27 000 .03 .05 
29 000 cece oe .03 .05 
30 000 sees. | | .07 
31 000 os .03 ue 
| 32000 32000 .08 -09  .. (Scaling. Gone. Bent east 
first, then south. 


200 | -23 es 
10 000 eges | 

11 000 | 

12 000 cose 
13 000 cece 


-66 | .23 Extent of rocking motion. 
specimen. 
| 


Ordinate north at middle...... = inch. 
GCherd shorteming = 05 
Maximum sbortening at center west side a= = .015 « 
SHORTENING PER INCH. 
sa, {lto9 10 11 12 13 14 15 16 18 19 to 28 
North .015 .015 .015 .015 .01 .01 .005 


0 0 01 


13 000 es .. Probably at limit of rocking 


MARSHALL COMP. STRENGTH STEEL AND IRON. 
DEVIATIONS. 
| 
| 


COMP. STRENGTH STEEL AND IRON. 


Specimen. ~* | 8q. in. 
N Ss. E. w. 
In. 
Mark, K 3: 00 00 oe -O4 
200 eves ee -04 | 
Size, 15000 .... 07 as -05 
1.000 x 1.000 in. 20000 | .... .08 es = -05 
23000] .... | .08 
25000 | .... | .. -06 | 
26000] .... 08 06 
28000 | ... Os 06 
29 000 9 06 
30000 | .... 095 | .. 07 
30 700 | 30700 =. .. |Sealed on east side first. 
Fails. 
13900 | 13.900 .13 
200 os .10 
5 000 coos 
6 000 -ll 
8000 | .... 
10000 | .... -12 
11000 | .... -12 
12 000 oon 13 
13 000 -13 
13 400 .13 Extent of rocking motion. 


Removed specimen. 
Ordinate south at middle = .49 inch. 
east se 
Chord shortening........— .03 “ 
SHORTENING Per INCH. 
" sa f Ltold IL 12 13 14 15 16 17 18 19 to 28 
34, fltol2 13 14 15 16 
North Side 1 0 —.005 —.005 —.005 —.005 


Description Load. DEVIATIONS. 
28. 
Specimen. in 
N 8 E. Ww. 
In. In. 
Mark, K 5- 00 00 00 
200 cece oe 06 00 
10 000 07 = 00 
1.010 x 1.015 in. 20 000 = 00 
25 000 sone 10 0 
-06 in. twist left. 26 000 seen we tl) oe 00 
28000 | .... an 10 
30 000 | 29 270 .12 .. | Fails. 
13 000 | 12 780 oe | 
200 44 .03 
6 000 aves = -52 
9 000 59 
10000, .... -62 
11 000 66 
12000 11710 -76 Maximum and extent of 


Specimen removed. 


Ordinate north at middle = .46 inch. 
east =.03 * 
Chord shortening ....... = .05 “ 


SHORTENING PEK INCH. 
South —.005 —.005 —.005 —.005 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


10 to 10 To 0 10° 10° 10° 10° 10° 0 


‘“HON] 


uswtdeds 
| | 1 poaourey 
| } | aoddu ‘990 IT 000 It | 
| 000 OT | 
Sat MOTLOJ 0006 | 
Sf | | 0009 
guq ‘e[pprur 4e vere | 
| oo 00 ZT | 
| 00 89M “Ul ZI 03 | 004 
| of}: TT | 900 Te 
oo | | 000 08 
oi: |JO 4B “url 000 8% 
| oo | 90° To ‘Uy | 000 LZ 
OL pavd | 000 9% 
| 000 ST 000 ST 
coo’ | on 0 000 OT 
| 00 | ae 00 00 00 00 
| | “Or 
! 


| 
| 
| 
| 
| 
| 
| 
| 
| 
\ 


MARSHALL 


Description 


of 
Specimen. 


Mark, K 4- 


Length, 33.95 in. 
No twist. 


Size. 
1.005 x .997 in. 


North Side H 


South Sid 


Descriptign 
of 
Specimen. 


Mark, K 4: 


Length, 33.96 in. 


Size, 
1.005 x .997 in. 


Twist, .03 in. 


00 

200 

5 000 

10 000 
15 
20 000 
25 000 
26 000 
27 000 
28 000 
29 
30 000 
31 000 
31 400 
10 000 
200 

5 000 

6 OO 

7 000 

8 000 

9 000 

9 800 


30 940 


9 980 


COMP. STRENGTH STEEL AND 


Remarks. 


00 04 
01 -04 
00 -03 
00 U3 
v1 04 
02 04 
02 
02 
62 
02 ° 
03 .05 
.. (Gone 
ss 
5A | -09 
ae 
.61 | 

65 

76 | Extent of rocking motion. 


| Removed specimen. 


Ordinate north at middle -44 inch. 
hee 


SHORTENING PER LNCH. 


Chord shortening 


{lto13 


0 


Load. 
Lbe. 


00 

200 
5 
10 000 
15 000 
20 000 
21 000 
22 000 
23 000 
24 000 
25 000 
26 000 
12 200 


200 
1000 
2 000 
3 000 
4 000 
5 000 
6 000 
7 000 
8 000 
9 000 
10 
11 000 
12 000 
12 500 
10 900 

200 


14 
-005 


—.005 


Load. 
Lbs. per __ 
sq. in 


15 
-005 


16 
-01 


—.005 —.v05 —.005 00 


DEVIATIONS. 


= Remarks, 


05 
05 04 oe 
05 .03 
06 
“7 .03 
08 .03 bis 
09 .03 ate 
o9 .03 
u9 .03 
10 .03 

13 .03 


Going slowly. 

57 <a .. Went very slowly. 
slightly disturbed at 
dle of north side, + 


Specimen removed. 


Scale 
mid- 


Ordinate north at middle........ 


south 


= .40 inch. 

east and west at middle= 00 ‘* 

Chord shortening................ = .03 

The middle 8 inches on north side shortened altogether .03 inch. 
8 -02 


lengthened 


DEVIATIONS. 
8q. in. 
N. 8. E. Ww. 
16 17 
| N. 8. E. w. 
In In. 


le 


MARSHALL COMP. STRENGTH 


TEEL AND IRON. 


Description Load Load. DEVIATIONS. 
Specimen. s. E. w. | 
| In. In. In. 
Mark, K 4- | 00 00; .. -06 oe 3 | 
Length, 36.04 in. 5 000 07 -O1 
10 000 .08 00 
= .03 iv. 16 000 | oe ll 
1.010 x .995 in. 19 000 


20000 .... 13 -OL 
21.000 | 20 900 oe 


14000 13930 53 


Ordinate north at middle 
Chord shortening....... = .01 


SHORTENING PER INCH. 


South Side uncertain. 


-» (Gone. Scales slightly on 


north side, 


|Removed specimen. 
| 
| 


20 21 
-01 -O1 


Description Load, 
of Lbs * Lbs. per Remarks. 
Specimen. sqqin. | | 8. E. | Ww. 
| | 
In. In. | 

Mark, K 4: 00 00 .03 

1.010 x .995 in. 20000 | 19 900 | Gone. Went rather slowly. | 
13 000 | 12 930 

1 000 30 | 

2 000 32 | | 
| 65000 .37 oe ° 
9 000 oe | 
Ordinate south at middle — .52 inch. 4 


Chord shortening........ = .02 


SHORTENING Per INcH. 
South Side { 1 to 15 16 17 18 19 


-0066 §=.0066 . 006 


20 21 22 to 36 
-0066 


| 


GTH STEEL AND IRON. 


STREN 


COMP. 


MARSHALL 


100 


0 £00° 
88 0} 1% 
» FO" 


” 


*poaodias 


‘op 


‘op 
‘op 
‘op 
‘op 
‘op 
‘op 
‘op 


jo 


10° 
0% 


10° 


you qynog 0 
10° 
LT 


St 


To" 


” 


OLT 6 
060 


‘ar ‘bs 
‘sq’'T 


” 


2900° 
88 0% % 


ON 


‘aI cio TX 


jo 


peot 


“qouy 


paaowoey 


euoy 


‘HON] Usd ONINGLUOHS 

paoge 

4B 
00% 
00% OL 
| OIG IT | 008 IT 
000 IT 
000 OL 
| 000 6 
000 8 
000 
| case ( 
| 000 $ 
000 & 
000 t% 
£% 
as 
an 0% 


ol 
000 ¢ 
00% 


00 


‘N 
‘ar ‘bs 
jaod 


“UL X OLO'T 


jo 
uot 


4 | 
| 
| | 
| | 
| 
| i 
4 
| 
| 
| 
! 
| 
| 
= 
| 


Description Load. DEVIATIONS. 
Lbs. per, Remarks. 
| N. | 8. E. | W. 
Mark, K 14° 00 00 00 -03 
Length, 40.00 in. | 5 000 eee sa: 
10 010 cove ee -02 
1,006 x 1.000 in, 16 COO | .... .03 oe -03 
18 000 .05 -03 
19 000 | 18 890 07 st .. | « Went rather suddenly. 
200 
1 000 .13 
4 000 ou 
6 000 17 
8 000 sees 21 
9 000 cove é 
10 000 evce .30 es 
11 700 €30 56 
200 ss 00 Removed specimen. 


South Side.—Lengthening no 


Ordinate south, at middle — .22 inch. 
Chord shortening.........—= .0l 


SHORTENING PER IncH. 


: = ltol7 18 19 20 21 22 23 24 to 40 
} | 
Description Zona Load. | DEVIATIOSS. 
ot Lbs * |Lbs. per Remarks. 
ecimen. 8q. in, > 
‘ | | In. In. 
Mark, K 5° 00 | 00 -- | 00 00 
. 00 60 
Size, 15 000 | ee | OL | 
30 000 .02 01 
200 se .02 ° 
= 2 000 -46 
6 000 coos | | 
9 000 | .. |Extent of rocking motion. 
200 | 44 |Removed specimen. 
Ordinate soyth middle .46 incb. 
SHORTENING PER 
+ 


-005 .005 .005 .005 


| 
> 

MARSHALL STRENGTH STEEL AND IRON. 101 


102 MARSHALL COMP. STRENGTH STEEL AND IRON. 


Description | Load. DEVIATIONS. 
of Lb * |Lbs. per, d Remarks. 
Specimen. | gq. in. | 
} 8. E. 
In. In. 
Mark, K 6° 00 00 00 
Length, 42.01 in, 5 000 eee 00 -O4 | 
10 es OL | 
Size, 15 000 vee 02 | 
.997 x 1.005 in. 16 000 eos 02 U5 | 
17 000 coe 03 -05 
18 000 18 000 04 |Gone, 
12 700 12 700 43 .. |Rockers free. 
5 000 | 
10 000 06 -04 | 
11 000 07 04 | 
12 000 | wae -05 
13 000 000 |Going. 
12 700 ° 33 ee 
500 43 -04 specimen. 
| 


Ordinate south at middle = 
east = 
Chord shortening........ = 


Shortening per inch not perceptible. 


inch. 


oF Lbs. per Remarks. 
Specimen. 8- | sq. in. } 
In. 
Mark, K 6: | 00 00; .. 04 
1,007 x 1.000 in. | 12 000 | .07 
| 14 700 | 14.600| Went very slowly. 
| 500 ut 
500 | 04 Placed .03 in. south of axis. 
12 000; .... | .. | 
15 000 | «OTT | 
17 009 | .-. O08 | | 
18 000 | ... 08 | 
19 000 | .... | | 
| 22 000 | 21 850 ll * Gone suddenly. Rocker free, 
8 000 .37 
| | | 
Ordinate south at middle — .29 inch 
= wes = 08 
Chord shortening........ 


Scale disturbed over middle 10 inches on south side. 
Middle 8 inches on south side shorten .015 inch. 
Middle 8 inches on north side apparently lengthened .01 inch. 


7 
7 
‘ 


MARSHALL COMP. STRENGTH STEEL AND IRON. 103 


Description Toad Load. DEVIATIONS. 
of tbs. |Lbs per Remarks. 
Specimen. 
8. E. w. 
In. 
Mark, K 7: 00 00 00 
500 | .... 07 00 
Length, 44 04 in. 5000; .... 00 
Size, 11000; .... |Going slowly. 
11 000 | 11000 os | |Fails. 
\By applying pressure in di- 
| rection to diminish devia- 
tion and releasing press- 
| ure. 
6000 .... -29 
500 oe 00 |Specimen removed. 


Ordinate north, at middle 


west, 
Chord 
Shortening in middle tour ‘inches north side. =.01 “ 
Description Load Load. DEVIATIONS. 
ot |Lbs. per| Remarks. 
Specimen. 
| In. In. 
Mark, K 7: 00 | 00 | .03 .02 
Size, | 11 000 .03 
1.002 x 995 in. 1200) .... -03 -03 
| 13000) .,.. .03 .03 
Specimen curved, 14000 -03 .03 
east and westlike | 15000 .... .03 .03 
Ordinates 18000 | .... ee -03 -03 
west at 19000 .... as .03 
24000 | .... .04 
25000 .... as .O4 
| 8000 cone | ee | ce +» |\Extent of rocking motiom. 
2 000 cove | oe 
AF TER 2 SPECIMEN REMOVED: 
Ordinate nerth at = .45 inch. 
“e 
oe 
“ “ “ 


Shortening in middle six inches, nuith side = .015 “« 


| | | 
q 
q 
q 
| 
q 
7 
7 


104 MARSHALL COMP. STRENGTH STEEL AND IRON. 
a | | 
of Lbs * \Lbs. per) Remarks. 
q Specimen | 8q. in. | | | 
| @ E. | W. 
In. 
7 Mark, K 8: 00 00 00 
| Size, 14200 | 14120 | «- |Failed. 
1.000 x 1.006 in. 10700 | 10 640 
5 000 | -01 
11 000 | -03 00 
12000 | .... .03 ou 
9600 9550 oe .. |Rocker free. 
.... 
7 000 | -10 
| 10 000 | as 
a ; Shortening per inch not perceptible. 
a 
Description Load. DEVIATIONS. 
of The * |Lbs. per Remarks. 
] N 8 E. Ww 
x 1.005 in. | 4000 .05 
10 000 sees oe -08 -04 
13 09 -04 | 
14 000 ll 


5 000 00 


| correct deviation. 


5000, pressure is put on 
rocker in direction to 


q 
q 
q 
q 
q | 


ore 


MARSHALL COMP. STRENGTH AND IRON. 


Description 
of 
Specimen. 


Mark, K 9: 
Length, 52.00 in, 


Size. 
.995 x 1.005 in. 


10 000 
11 000 
12 000 
13 000 
14 000 
15 000 
16 000 
17 000 
18 000 
19 000 
19 000 
19 700 
8 500 

500 

5 000 


000 


9 000 


9 600 | 


8 700 
500 
5 000 


6 000 
7 000 
8 000 
9 000 
10 000 
11 000 
12 000 
13 000 
14 000 
14 900 


10 700 
500 
10 000 
6 500 
10 000 
11 000 
12 000 
13 000 


000 


15 000 
16 000 
16 900 
8 200 

500 


(Mark continued.) 


DEVIATIONS. 
Lbs. per 
8q. in. 
} 8 E. WwW 
In. 
00 ae 04 
eee | 00 oe 
-O1 
| -O1 
coos -O1 
.02 
-03 
.04 


19 700 


105 


8 500 -82 ee 
-O4 ee -O4 
06 ee 03 
| 
-08 
sees | 
9 600 
8 700 
-02 | 
-03 
eee | 3 
ll 
16 900 


Going. 


Failed. 
Rockers free. 


While load is rising to 5 000, 
pressure is put on rockers 
in direction to correct 
deviation. 


Failed. 


By pressure on rockers 
while load rises to 4 000. 


Gone. Same direction as 


above. 


By pressure on rockers 
while load rises to 10 000. 
Releasing pressure while 

load drops to 6 500. 


Failed. 


\Specimen removed. 


AFTER REMOVING SPECIMEN. 


Ordinate north at middle — .06 inches. 

Chord shortening ....... 
Scale undisturbed. 


= .03 inch. 


Load, | | ; 
emarks. 
| 
| 


COMP. STRENGTH STEEL AND IRON. 


Description 
of 
Specimen. 


Mark, K 9: 
Length, 52.00 in. 


Size, 
-995 x 1.0U5 in. 


Load. DEVIATIONS. 
&q. in. 
| N. 8 E. W 
In. In. | 
00 00 .06 .05 
500 ene -06 05 | 
| -07 | | 
8000 
| 9000 so -10 
| 10000 oe -ll 
9 100 9100 
500 = .06 .. | ,05 ‘Specimen placed .06 in. 
north axis. 
7 000 02 
8 | én we 
8 500 8500 | .30 
= “95 [Specimen placed .04 in. 
| north of axis. 
5 5 
| north of axis. 
7 000 coe -06 
8 000 
000 
10000 .... .08 
11 000 
12 000 .08 
13 000 ‘ | .09 
14 000 .09 
15 000 cove .10 
16 000 
17 000 -12 
8 400 8 400 en .89 7 .. |Rockers free. 
13 -05 |Specimen removed. 


Ordinate north at middle — .13 inch. 
Chord Shortening....... = = @ * 


Scale very slightly disturbed middle of north side. 


q 
a 
] 


Description 
of 


Specimen. 


Mark, K 10: 
Length, 56.01 in. 


B8ize, 
-998 x 1.002 in. 


Load. 
rg Lbs. per) 


17 500 | 17500 
7 600 7 600 
5 000 


5 000 | ode 
... 
8000 .. 
9000; ... 
10000 | .... 
11 000 
12 000 
13 000 sees 
15 000 
16 000 sang 
17000 | 17 
7 400 7 40 
500 


5 000 
6 000 
8 000 cove | 
9 000 
9 900 
7 900 

6 000 
8000; .... 
9000 | 
10 000 
11 000 


MARSHALL COMP. STRENGTH STEEL AND IRON. 


107 


DEVIATIONS. 

| 

| .86 

| .06 07 
oe -06 

| 

| 


.02 
.02 

.06 
.06 


O4 -06 
.06 
06 | .06 


Remarks. 


Failed. 
Went very suddenly. 


|\By pressure on rockers in 

direction to correct devia- 
tion and while load rises 
to 5 000. 


Failed. 
Rockers free. 


Failed. 


By pressure on rockers while 
load rises to 5 000. 


| In. 
500| .... 
10000| .... 
.... 
.... 
13000| 
ee | 
| oe .10 .06 
: 


108 MARSHALL COMP. STRENGTH STEEL 


(Mark 10: continued.) 


AND IRON, 


Description Load Load DEVIATIONS. 
of Lbs Lbs. per a } Remarks. 
Specimen. in. | | | 
Size, 6 900 6 900 68 | 
! | 
BEerore TESTING. 
14 28 42 56 inches, 
Ordinates north { 02 Ol 0 0 inch. 


AFTER SPECIMEN REMOVED. 


Remarks. 


Went very slowly. 


Went very slowly. 


ji 
Ordinates north = = 
28 42 inches. 
Description | Load. Load. DEVIATIONS. 
of | Lbs Lbs. per) 
Specimen. | ~ | oq. in. | 
| | WN, 8. E. | w. 
In. In. 
Mark, K 10- | 00 00 .04 oe .08 
500 -04 ° O08 
Length, 56.01 in. 5 000 bide A8 e 08 
| 6000 08 
Size, | 7000 .09 
.998 x 1.002 in. | 8000 8 000 die ai 
| 7500 7 500 oe 
6 000 wees -10 ‘ .09 
7 000 coon .09 
| 8000 8 000 23 oe 
750 7500 | .44 -ll 
500 | .08 


Specimen removed. 


Ordinate south at middle = .04 inch. 


east = 


No perceptible scaling. 


08 


7 
j 
g 
7 
q 
7 
4 
q , 


MARSHALL COMP. STRENGTH STEEL AND IRON, 109 
Description | | Load. DEVIATIONS. | 
Specimen. | | Sq. in. | 
| E. w. 
Size, | 7000 | .O1 
12 000 -02 10 
600 | .... 00 .05 
9000 | | .08 » -10 |. 
| 7000 7000; .52 ll 
8.000 eee 06 0 
7 000 7 000 -56 
6 800 as 
500 
| 6000 nea 07 .06 By pressure on rockers to 
cause bar bend op- 
posite direction. 
6 000 .08 .06 
7 000 07 .07 
.... 
| 9 000 .08 07 
10 000 .08 
| 12 000 .10 .09 
| 13 000 Jone ‘ .10 
| 14 000 13 ll 
14900 14900 ee Failed. 
500 08 sure. 
5 000 “03 “06 By pressure 
| 10 000 | .03 .08 
| 13.000 -O4 .10 
| 14000 eves oe 
| 15 000 eves a -04 | 
17 000 17 
changed. 
| 6400 5 400 .89 ee ee 
500 cece -06 $e -07 Removed specimen. 
AFTER SPECIMEN REMOVED. 


Ordinate east at middle, = .06 inch. 


south 


= .06 


. 


110 MARSHALL COMP. STRENGTH STEEL AND 


Descrivtion Load DEVIATIONS. 
of |Lbs. per Remarks. 
Specimen. * | eq. in | 
N 8. E. | W. 
In. | 
200 | - 05 
1.005 x .995 in. 3 000 07 
3 900 3 900 ° -41 ° Failed. 
3 600 3600, . | 
2 000 -O1 4 By pressure to bar. 
6 000 Failed. 
BEFrorE TESTING, 
‘ 12 24 36 40 44 56 68 inches, 
. onat { 12 24 36 40 44 56 68 80 inches. 
ag 02 .05 0 —.04inch. 


Ordinates north { 


east.. 


ArrEeR REMOVAL. 


12 24 
-04 .06 
12 24 
03.07 


36 


36 


40 44 
.05 
49 44 


56 


-03 


56 


-O1 


68 inches. 
-01 inch. 


68 80 inches. 
0 —.04 inch. 


| 
| | 
{ 


TENTHS INGH SQUARE 67000 STEEL. TEST DIAGRAMS. 


PLATE 
ENGRS. 
VOL. 364. 
MARSHALL COMPRESSIVE 
STRENGTH STEEL IRON 


\ 


= 
a“ 
4 
= Ori 


PLATE 
TRANS .AM. SOC.CIV. ENGRS. 
VOL. 364. 
MARSHALL COMPRESSIVE 


130000 


+@/0 


OWE ROUND 80900 STEEL. TEST DIAGRAMS. 
: 
80000 


2 20800 


PLATE Vib 
ENGRS. 
VOL. 364. 
MARSHALL COMPRESSIVE 
STRENGTH STEEL IRON. 


sJoeeo 


\ 


Jeoso | 


Soovo 


Yoooo 


——} 


4- MER 
i 


70000 


4 


: 
4 | 


MADE FROM SCRAP. TEST DIAGRAMS. 


PLATE vill 
TRANS.AM. SOC.CIV. ENGRS. 
VOL. XVIINO 364. 
MARSHALL ON COMPRESSIVE 
STRENGTH OF STEEL & IRON. 


/00000 


i 
~ 
| 
vey 


PLATE 
ENGRS: 
VOL. 364. 
MARSHALL COMPRESSIVE 
STRENGTH STEEL IRON 


TEST DIAGRAMS. 


LBS. PER ENGRS 
MARSHALL COMPRESSIVE 
COMPRESSION TESTS 
STEEL BARS- HINGED. 


#5000 


SQUARES 
LB. STEEL 
40000 


STEEL, LUBRICATED. 


Boooo 


4/0000 


7 70 ko /60 “Go 200 220 


© 
| 


PLATE Xi 
MARSHALL ON COMPRESSIVE 
STRENGTH STEEL IRON. 
otherwise 
ONE INCH SQUARES 


THREE INCH SQUARES 


Pins 
WATERTOWN TESTS. 


A 


TRANS .AM. SOC.CIV. ENGRS. 
VOL. 
MARSHALL COMPRESSIVE 
STRENGTH STEEL IRON. 


ROCKER BEARINGS 


ComPRESSION 


